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ABSTRACT 

A  series  of  physical  criteria  by  which  ten  of  the  local  anesthetics 
currently  having  widespread  clinical  application  can  be  differentiated 
and  identified  was  prepared  in  a  systematic  fashion. 

To  this  end,  they  were  derivatized  with  styphnic  acid,  ammonium 
reineckate,  sodium  tetrapheny lborate ,  chloroplatinic  acid,  and  methyl 
iodide.  The  only  derivative  found  to  be  unreliable  was  benoxinate  styph- 
nate  . 

The  infrared  spectra  of  forty  seven  such  derivatives,  and  of  the 
mineral  acid  salts  of  the  parent  compounds  were  found  to  provide  convenient, 
specific,  and  rapid  alternative  or  supplementary  criteria  to  the  use  of 
their  melting  points  for  characterization  purposes. 

In  addition  to  these  two  methods  of  identification,  a  supporting  set 
of  photomicrographs  was  prepared  pictorially  displaying  the  characteristic 
crystals  formed  by  this  important  class  of  compounds  with  styphnic,  picric, 
picrolonic,  and  chloroplatinic  acids,  ammonium  reineckate,  and  potassium 


permanganate . 
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HISTORICAL 

Prior  to  1884,  the  only  means  of  inducing  local  anesthesia  was 
through  the  use  of  an  ether  spray.  This  obviously  had  many  disadvantages, 
in  that  its  flexibility  was  limited;  it  could  not  be  injected  subcutane¬ 
ously,  and  its  effect  was  fleeting. 

The  numbing  effect  of  cocaine  on  the  tongue  has  been  known  since 
it  was  first  introduced  into  Europe  by  the  early  Spanish  colonizers  of 
South  America.  The  alkaloid  responsible  for  this  property  was  isolated 
in  1860  from  the  leaves  of  the  cocaine  plant,  Erythroxy lin  coca  by  a 
German,  Albert  Niemann  (1,2).  Niemann's  teacher,  Wohler,  noted  that 
this  alkaloid  had  a  bitter  taste,  and  that  it  rendered  the  tongue  almost 
insensible  to  sensation.  The  medical  significance  of  this  was  ignored 
at  this  time. 

Von  Anrep,  in  1879  studied  the  pharmacological  effects  of  cocaine, 
and  suggested  that  the  local  anesthetising  action  of  cocaine  might  be  of 
some  utility  in  medicine  (3) .  His  suggestion  was  not  acted  upon  immedi¬ 
ately,  and  the  real  introduction  of  local  anesthesia  into  medicine  and 
surgery  dates  from  1884  when  Karl  Roller,  interested  by  the  work  being 
carried  on  by  his  friend  Sigmund  Freud  on  cocaine,  introduced  cocaine 
into  ophthalmic  surgery  following  animal  experiments  (4) .  Cocaine  was 
soon  used  for  infiltration,  nerve  blocks,  and  spinal  anesthesia.  When 
employed  under  these  circumstances,  the  alkaloid  was  demonstrated  to  be 
highly  toxic  and  numerous  fatalities  were  reported.  In  addition  to  this, 
its  effects  associated  with  cortical  stimulation  leading  to  addiction 
and  the  legal  restriction  of  its  use  prompted  a  ceaseless  search  for 
non-habit  forming,  less  toxic,  longer  acting  local  anesthetics. 

Many  workers  set  out  to  determine  the  structure  of  cocaine  as  well 
as  those  functional  groups  of  the  molecule  which  were  necessary  for  local 
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anesthetic  activity.  The  work  of  Willsthtter  figured  prominantly  in 
this  field;  it  was  soon  evident  that  cocaine  could  be  readily  hydrolyzed 
to  the  base  ecgonine,  benzoic  acid,  and  methanol  according  to  this 
reaction : 


Cocaine 


Ecgonine  Methanol  Benzoic 

Acid 


The  formula  for  cocaine  (methy lbenzoy lecgonine)  was  thus  found  to  be 
centered  around  the  alkaloid  ecgonine,  an  amino  alcohol  base  chiefly 
related  to  tropane .  Cocaine  is  an  ester  of  benzoic  acid  and  a  nitrogen 
containing  base  with  the  fundamental  anesthesiophoric  group  necessary 
for  local  anesthetic  activity.  This  group  is  encircled  by  a  dotted 
line  in  the  foregoing  formula. 

After  the  investigation  of  Roller  and  Willstatter,  the  next  import¬ 
ant  step  in  the  evolution  of  the  "modern"  local  anesthetics  was  the 
demonstration  by  Einhorn  and  Oppenheimer  (3)  in  1900  that  local  anesthetic 
activity  may  be  expected  from  aromatic  carboxylic  acid  esters.  The  carbox¬ 
ylic  acid  need  not  necessarily  contain  a  basic  nitrogenous  group.  The 
drug  they  introduced  at  this  time  was  (old)  Orthocaine  (Orthoform)  which 
was  methyl-4-amino-3-hydroxybenzoate . 

Benzocaine  (ethyl  £-aminobenzoate) ,  still  presently  in  use  as  a 
topical  anesthetic,  was  also  introduced  about  this  time  (6). 

With  the  aid  of  the  information  gained  through  the  elucidation  of 
the  structure  of  cocaine  and  the  fact  that  simple  esters  of  aminobenzoic 
acid  have  local  anesthetic  activity,  Einhorn  and  Uhlfelder  (7)  in  1905 
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synthesized  procaine  (Novacaine)  ,  probably  the  most  widely  used  local 
anesthetic  today,  and  thus  ushered  in  the  modern  era  of  local  anesthetic 
technology . 


-5- 


CHEMISTRY 


Local  anesthetics  may  be  classified  into  two  broad  groups:  hydroxy 
compounds  and  nitrogenous  bases.  These  may  be  further  subdivided  as 
follows : 


(1)  Hydroxy  compounds,  e.g.  phenol,  menthol,  etc. 

(2)  Nitrogenous  bases  (a)  esters,  e.g.  cocaine,  benoxinate,  etc. 

(b)  miscellaneous,  e.g.  dibucaine,  dimethis- 
oquin,  etc. 

The  "hydroxy  compounds"  are  used  primarily  as  topical  agents  as  they 

are  locally  irritating  when  injected.  They  also  tend  to  be  neurolytic 

and  caustic,  especially  when  used  in  excessive  dosages. 

The  larger  group  of  "nitrogenous  bases"  includes  the  more  important 

compounds  presently  in  medicinal  use.  In  most  instances,  these  compounds 

are  closely  related  structurally.  Lofgren  (8)  was  the  first  to  seriously 

consider  this  and  in  1948,  proposed  the  following  general  structure: 

aromatic  or  _  intermediate  _  amino 
heterocyclic  group  aliphatic  chain  group 

This  may  in  turn  be  depicted  more  specifically  by  the  following  general 

structure  (9)  which  represents  what  has  been  called  the  "anesthes iophor ic' 

group  or  the  chemical  arrangement  necessary  for  local  anesthetic  activity 


0  I  I 

11  / 
Aryl  group  ~  C  f  0  -  (CH  )  -j-  N 

z  n  ■ 


„R. 


R, 


B 


The  terminal  alkyl  nitrogen  may  be  secondary  or  tertiary,  but  rarely 
primary.  This  "anesthesiophoric"  group  has  been  arbitrarily  subdivided 
into  three  sections:  A,  B,  and  C.  Compounds  possessing  many  different 
linkages  between  groups  A  and  B  in  place  of  the  above  ester  linkage  and 
different  alkyl  chains  in  the  "B"  section  have  been  reported  in  the 
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literature  to  have  local  anesthetic  activity  (Table  I). 


Table  I.  Chemical  Groups  Found  in  Local  Anesthetics 


Group 

Structure 

Example 

Reference 

Ester 

-COO- 

proparacaine  HC1 

(ID 

Thioester 

-COS- 

thiocaine  HC1 

(10) 

Amide 

-CONH- 

dibucaine  HC1 

(12) 

-NHCO- 

lidocaine  HC1 

(13) 

Amino  alkyl  ether 

-0-(CH2)n-< 

dimethisoquin  SO. 

4 

(14) 

Amidine 

-C-NH- 

NH 

phenacaine  HC1 

(  9) 

Urethane 

-NH-C-O- 

0 

diperodon  HC1 

(  9) 

Amino  ketones 

-C0-(CH2)n-N^ 

dyclonine  HC1 

(  9) 

The  majority  of  the  clinically  important  local  anesthetics  are 
esters  of  aromatic  acids  and  various  amino  alcohols;  dibucaine  hydro¬ 
chloride,  lidocaine  hydrochloride,  and  dimethisoquin  sulfate  are 
notable  exceptions,  the  first  two  being  amides  and  the  latter  an  ether. 
It  is  with  these  ester  and  amide  type  compounds  that  this  thesis  will 
be  primarily  concerned. 

Closer  examination  of  two  typical  members  of  the  ester  type 
reveals  two  striking  points: 


h2n- 


-COOCH2CH2N(C2H5)2 


•  HC1 


Procaine  Hydrochloride 


H2S04 


Cyclomethycaine  Sulfate 
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(1)  The  nitrogen  on  the  terminal  aliphatic  carbon  is  usually 
secondary  or  tertiary;  rarely  primary.  The  nitrogen  grouping  does  not 
necessarily  have  to  be  of  the  open  chain  alkyl  amino  type,  but  may  be 
cyclized  as  it  is  in  the  piperidino  ring  of  cyclomethycaine  sulfate. 

(2)  The  acid  portion  of  the  ester  is  invariably  a  cyclic  one  and, 
in  most  cases,  is  aromatic.  The  esters  of  benzoic  acid  (substituted 
and  unsubstituted)  are  by  far  the  most  important  compounds  clinically. 
General  Chemical  Properties: 

By  virtue  of  the  amino  nitrogen  in  the  aliphatic  chain,  all  local 
anesthetics  of  the  type  to  be  dealt  with  are  bases  and  possess  all  the 
general  chemical  properties  of  alkaloids. 

Generally,  they  are  precipitated  by  the  usual  alkaloidal  reagents, 
and  the  bases  form  water  soluble  salts  with  mineral  acids.  The  aqueous 
solutions  of  these  salts  range  in  pH  from  four  to  six  depending  on  the 
base  and  the  mineral  acid  involved.  Alkalis  and  alkaline  salts  will 
precipitate  the  free  base  from  an  aqueous  solution  of  the  salt. 

Chemical  Stability: 

Essentially  all  of  the  clinically  useful  local  anesthetics  are 
used  in  the  water  soluble  salt  form.  The  salt  is  usually  the  hydro¬ 
chloride  and  occasionally  the  sulfate.  It  has  been  observed  that  the 
extent  of  hydrolysis  in  dilute  aqueous  solution  is  very  slight  (15). 
Also,  tetracaine  hydrochloride  and  procaine  hydrochloride  are  more 
stable  in  the  acid  pH  range  than  in  the  alkaline  pH  range  (16),  procaine 
hydrochloride  undergoing  minimal  hydrolysis  at  pH  six  to  seven  (17). 

The  rapid  hydrolysis  of  procaine  is  primarily  base  catalyzed,  the  rate 
of  hydrolysis  in  moderately  concentrated  hydrochloric  acid  (0.1N)  being 
slow  even  at  autoclave  temperatures  (18).  On  the  other  hand,  Xylocaine 
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is  extremely  stable  to  both  acid  and  base  catalyzed  hydrolysis  (19)  and 
is  the  most  stable  of  all  local  anesthetics.  This  is  presumably  due  to 
the  presence  of  the  two  methyl  groups  adjacent  to  the  amide  linkage 
which  have  the  net  effect  of  shielding  it  from  hydrolytic  cleavage  (20) 

The  above  observations  may  also  be  applied  generally  to  those 
compounds  not  mentioned  specifically  in  the  above  discussion,  but  which 
appear  in  the  following  list  of  compounds  to  be  considered. 

Regarding  nomenclature,  the  generic  (official)  name  is  given  first 
then  the  registered  brand  name  in  parentheses,  and  finally  the  chemical 
name  . 

(a)  Lidocaine  Hydrochloride  B.P.  (21),  U.S.P.  (22),  N.N.D.  (23); 
(Xylocaine) ,  2 -Diethy lamino-2 ' ,6 ' -acetoxylidide  hydrochloride,  prepared 
by  Lofgren  (13),  is  similar  to  procaine  in  application  but  has  about 
twice  the  potency,  less  toxicity,  greater  stability,  and  exhibits  fewer 
side  effects. 


0 

II 

-NH-C-CH2N(C2H5)2  •  HC1,  h2o 

3 

(b)  Dibucaine  Hydrochloride  U.S.P. ;  (Nupercaine  Hydrochloride), 
2 -n-Butoxy-N- (2 -diethy laminoethy 1)  cinchoninamide  hydrochloride , 
prepared  by  Miescher  (12),  is  a  powerful  local  anesthetic  about  five 
times  as  active  as  cocaine  and  also  more  toxic. 

o(ch2)3ch3 

H2CH2N(C2H5)2  •  HC1 


. 
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(c)  Hexylcaine  Hydrochloride  N.F.  (24),  N.N.D.;  (Cyclaine  Hydro¬ 
chloride),  1-Cyc lohexy lamino-2 -propy lbenzoate  hydrochloride,  prepared 
by  Cope  and  Hancock  (25)  ,  has  about  the  same  toxicity  as  procaine  and 
is  used  both  topically  and  for  nerve  block  anesthesia. 


•  HC1 


(d)  Cyc lomethycaine  Sulfate  B.P.,  N.N.D.;  (Surfacaine  Sulfate), 

3 - (2 -Methy lpiper idino) -propy 1  £-cyc lohexy loxybenzoate  sulfate,  prepared 
by  McElvain  (26) ,  is  equal  to  procaine  in  toxicity  and  is  effective 
topically  on  damaged  or  diseased  skin. 


(e)  Benoxinate  Hydrochloride  U.S.P.,  N.N.D.;  (Dorsacaine  Hydro- 

% 

chloride),  2 -Diethy laminoethy 1  4-amino-3-n-butoxybenzoate  hydrochloride, 
prepared  by  Buchi,  ejt  a_l.  (27),  is  more  stable  than  procaine  to  hydrolysis, 
and  also  possesses  bacteriological  properties.  It  is  used  in  ophthal¬ 
mology  . 


o(ch2)3ch3 


(f)  Proparacaine  Hydrochloride  N.N.D.;  (Ophthane) ,  2 -Diethy lamino- 


ethyl  3-amino-4-n-propoxybenzoate  hydrochloride,  developed  commercially 
by  E.R.  Squibb  &  Sons  (28),  is  used  topically  in  ophthalmology  and  is 
slightly  more  potent  than  tetracaine. 
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(g)  Tetracaine  Hydrochloride  U.S.P, ,  Amethocaine  Hydrochloride  B.P,,; 
(Pontocaine  Hydrochloride),  2-Dimethy-laminoethyl  £~n~butylaminobenzoate 
hydrochloride,  developed  commercially  by  Winthrop  Chemical  Company  (29), 
is  more  stable  to  hydrolysis  than  procaine;  its  activity  resembles  procaine 
in  infiltration  anesthesia  and  approaches  the  effectiveness  of  cocaine 
when  used  topically, 


•  HC1 


(h)  Dimethisoquin  Hydrochloride  N.F, ,  N.N.D.;  (Quotarie  Hydrochloride), 
3 -Buty 1-1- (2 -dime thy laminoethoxy) -isoquinoline  hydrochloride ,  synthesized 
by  Wilson,  e£  aJL^ .  (14),  is  a  safe,  effective,  non-irritating  topical 
antipruritic . 


0-CHoCH«N (CH0) o 


(i)  Naepaine  Hydrochloride  N.F. ,  N.N.D.;  (Amylsine  Hydrochloride), 
2-Amylaminoethyl  j>-aminobenzoate  hydrochloride,  synthisized  by  Goldberg, 
et_  al.  (30),  resembles  procaine  in  activity,  but  presently  is  restricted 
to  corneal  anesthesia. 
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(j)  Butethamine  Hydrochloride  N.F.,  N.N.D. ;  (Monocaine  Hydrochloride), 

2 -Isobutylaminoethy 1  £-aminobenzoate  hydrochloride,  synthesized  by  Goldberg, 
et  al_.  (30)  ,  is  more  toxic,  has  greater  anesthetic  activity  than  procaine, 
and  is  used  extensively  for  nerve  block  anesthesia  in  dentistry. 


-o-ch2ch2nh-ch2ch(ch3) 2 


•  HC1 
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PHARMACOLOGY 


Much  has  been  published  (31,32,33)  on  the  pharmacological  activity 
of  the  ester  and  amide  type  local  anesthetics.  Since  the  purpose  of 
this  project  was  to  develop  a  series  of  physical  criteria  to  facilitate 
their  qualitative  identification,  it  was  felt  that  a  thorough  discussion 
of  these  effects  with  their  concomittant  implications  would  be  inappro¬ 
priate.  However,  a  brief  review  of  the  work  which  has  been  done 
regarding  structure  activity  relationships,  mechanisms  of  action  and 
physiological  activity  is  presented. 

Local  anesthetics  affect  all  cells,  but  possess  an  affinity  for 
nervous  tissue  (34)  in  which  all  impulse  conduction  is  blocked  when  the 
drug  is  applied  locally  in  effective  concentration.  Every  type  of  nerve 
fibre  and  every  portion  of  the  nervous  system  is  affected.  The  great 
value  of  local  anesthetics  is  that  their  action  is  reversible  and  the 
nerve  recovers  completely  with  no  structural  damage. 

Relationship  of  Chemical  Structure  to  Pharmacological  Activity: 

As  previously  indicated,  cocaine  has  a  bridged  tropane  structure 
containing  both  piperidino  and  pyrrolidino  rings.  Cocaine,  usually 
represented  as  shown  (Figure  la) ,  can  be  represented  in  the  unconven¬ 
tional  way  (Figure  lb)  to  emphasize  the  presence  of  the  anesthes iophoric 
group  (encircled  with  dotted  lines) . 


COOCH 
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(a) 


(b) 


Figure  1.  Cocaine. 
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The  carbomethoxy  group  and  the  tropane  group  were  found  to  be 
unnecessary,  while  the  benzoate  group  was  found  to  be  essential  for 
activity  (35) . 

The  pharmacological  activity  of  these  compounds  apparently  resides 
in  their  possessing  a  certain  basic  structure  found  in  the  anesthesio- 
phoric  group;  the  structure  proposed  by  Lofgren  in  1948  (13),  which  fits 
most  of  these  compounds,  suggests  a  linear  molecule  having  a  lipophilic 
(aromatic  hydrocarbon  or  heterocyclic  ring  system)  residue  and  a  hydro¬ 
philic  (amino)  group  separated  by  an  aliphatic  chain.  Buchi  (36)  has 

C 

suggested  that  this  chain  must  be  some  6  A  units  in  length  in  order  for 
the  compound  to  have  local  anesthetic  activity.  This  would  allow  it  to 
fit  into  drug  receptors  and  be  bound  there  through  electrostatic  forces 
(F igure  2) . 


Lipophilic  f-< -  6  A 

residue 


Hydrophilic 

group 


H 


CH2 - 2 

>3 


Figure  2.  Drug-Receptor  Complex  according  to  Buchi. 

It  is  immediately  apparent  from  the  general  structure  represented 
above  that  a  great  number  of  compounds  containing  this  atomic  arrange¬ 
ment  could  be  and  have  been  synthesized.  The  most  desirable  compounds 
as  far  as  high  activity  and  low  toxicity  are  concerned  are  the  para 
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aminobenzoic  acid  esters  (benoxinate  and  procaine  hydrochlorides) . 

Other  effective  compounds  are  benzoates  (cocaine) ,  substituted  para 
aminobenzoates  (tetracaine),  and  alkoxy  substituted  benzoates  (cyclo- 
methycaine  sulfate).  Alteration  of  the  aromatic,  a liphat ic,  and  amino 
portions  of  the  molecule  and  the  effects  of  such  alterations  (31,37,38, 
39,40)  are  reviewed  very  well  by  Goodman  and  Gilman  (42)  and  Adriani  (43). 
Mechanisms  of  Action: 

The  mode  of  action  of  a  local  anesthetic,  once  it  enters  the  nerve 
fiber,  is  unknown  and  there  is  little  to  be  gained  by  an  exhaustive 
discussion  of  the  present  inadequate  theories.  This  problem  has  been 
the  focal  point  of  a  most  intensive  research  program,  and  numerous 
papers  and  texts  have  been  published  on  the  subject  (33,34,43).  The 
exact  mechanism  has  not  been  elucidated  to  date,  but  it  is  generally 
believed  that  local  anesthesia  is  not  a  consequence  of  competition  with 
a  natural  nerve  transmitter  substance  (i.e.  acetylcholine),  but  of  a 
blocking  of  the  nerve  impulse  within  the  nerve  cell  (9). 

Local  anesthetics  of  the  ester  and  amide  type  are  usually  dispensed 
in  the  form  of  their  hydrochloride  salts.  There  is  abundant  evidence 
(41)  that  this  salt  must  first  be  neutralized  to  the  free  base  for  local 
anesthesia  to  occur.  This  neutralization  is  accomplished  through  the 
buffer  system  present  in  the  extra-cellular  fluid,  possibly  in  a  manner 
similar  to  the  following  reaction; 

R3N  •  HC1  +  NaHC03  - R3N :  +  NaCl  +  H2CC>3 

There  is  evidence  that  the  resulting  free  base  then  penetrates  the  nerve 
cell  wall  and  may  be  converted  back  into  the  cationic  form  according  to 
the  equation: 

R3N:  +  HOH  R3NH+  +  OH 

The  cationic  form  then  reacts  with  the  cellular  constituents  to  cause  an 
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axonal  block.  This  explanation  would  account  for  the  original  observation 
of  Ger lough  (44)  that,  at  pH  5.5  -  6.0,  little  anesthesia  occurred  in 
infected  tissue.  The  acid  products  liberated  in  the  inflammatory  process 
evidently  prevent  the  liberation  of  the  free  base  from  its  acid  salt. 

The  independant  observations  of  Overton  (1899)  and  Meyer  (1901) 
that  the  potency  of  narcotics  bears  a  strong  relationship  to  their 
partition  coefficients  between  oil  and  water  and  that  the  free  bases  of 
alkaloids  are  much  more  active  than  their  salts  gave  rise  to  the  Overton- 
Meyer  Theory  (45) .  It  seemed  reasonable  in  the  light  of  this  concept 
that  the  fat  soluble  base  liberated  by  the  slightly  alkaline  tissues 
penetrated  cell  walls  by  virtue  of  the  solubilizing  effect  of  the 
lipoids  contained  therein.  This  theory,  however,  is  inapplicable  to 
local  anesthetics  since  it  is  based  on  observations  made  using  water 
and  oil  systems  dissimilar  to  body  fats.  Solubilities  in  water  are  not 
the  same  as  in  blood  and  lymph.  Therefore  the  partition  coefficients 
calculated  by  Overton  and  Meyer  do  not  hold  in  vivo  and  are  therefore 
of  limited  significance.  Another  weakness  of  this  postulate  is  that 
it  holds  only  for  inert  molecules,  which  makes  it  invalid  for  the  polar 
and  reactive  local  anesthetics  of  the  type  presently  being  considered. 

The  molecules  of  all  effective  local  anesthetics  have  both  lipo¬ 
philic  and  hydrophilic  entities  which  confer  the  necessary  mixed 
solubility  for  their  transport  in  vivo  to  the  site  of  action  and  their 
ultimate  activity.  Compounds  which  act  by  polar  association  so  that 
the  hydrophilic  portion  is  oriented  towards  the  aqueous  extra-cellular 
phase  and  the  aromatic  hydrocarbon  residue  becomes  orientated  into  the 
lipid  phase  of  the  cell  membrane  are  said  to  have  a  strong  physiological 
activity  (46) .  Local  anesthetics  may  very  well  exert  their  effect 
partially  in  this  manner. 
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Bennet,  e_t  a_l .  (47),  postulated  that  local  anesthetics  block  nerve 
conduction  by  stabilizing  the  cell  membrane  in  some  way  with  the  net 
result  that  ion  exchange  and  conductive  efficiency  are  impaired.  This 
property  is  very  likely  bound  up  intimately  with  the  possession  of 
lipophilic-hydrophilic  groups  responsible  for  orientation  at  the  cell 
interface  . 

It  has  long  been  recognized  since  the  work  of  Gasser  and  Erlanger 
(48)  that  fiber  size  is  the  main  determinative  factor  of  the  relative 
sensitivity  of  various  nerves  to  chemical  anesthesia.  Local  anesthetics 
appear  to  anesthetize  the  smaller  autonomic  and  sensory  fibers  first, 
and  the  larger  motor  fibers  lastly.  This  is  presumably  due  to  the 
larger  surface  area  of  the  smaller  fibers  which  allows  more  rapid 
absorption  of  an  anesthetizing  dose  of  the  drug. 

From  the  aforementioned  theories  and  postulations,  it  is  evident 
that  the  mechanism  (mechanisms) ,  when  discovered,  will  probably  not  be 
purely  chemical  or  physical,  but  a  combination  of  both. 

Pharmacological  Activity  of  Local  Anesthetics: 

Local  anesthetics,  in  addition  to  blocking  the  transmission  of 
nerve  impulses,  have  several  other  common  effects. 

Cocaine,  in  contrast  to  most  local  anesthetics,  causes  vasocon¬ 
striction.  Some  may  even  cause  vasodilatation.  Therefore,  in  order 
to  delay  absorption  of  the  drug  from  the  site  of  injection  and  thus 
prolong  its  effect,  epinephrine  or  phenylephrine  usually  is  added  to 
the  solution  (1  part  in  130,000  to  520 ,000) (23) . 

TOXICITY :  Essentially  all  nitrogenous  local  anesthetics,  when  admin¬ 

istered  sys temica 1 ly  or  topically  to  highly  vascularized  denuded  areas, 
are  toxic,  and  are  central  nervous  system  stimulants,  producing  rest¬ 
lessness  and  tremors  which  with  higher  dosages  can  proceed  to  clonic 
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convulsions  (41) .  This  central  stimulation  is  followed  by  general 
depression  and  respiratory  failure. 

Changes  in  the  excitability,  conduction,  and  force  of  contraction 
of  the  myocardium  occur,  along  with  arteriolar  dilatation.  These  effects 
become  apparent  only  after  relatively  high  systemic  concentrations  have 
been  attained,  when  the  eventual  result  is  death  due  to  cardiac  arrest. 

Local  anesthetics  generally  exert  a  spasmolytic  effect  on  smooth 
muscle  (40) . 

Severe  hypersensitivity  is  quite  rare,  however  most  local  anesthetics 
have  occasionally  given  rise  to  dermatitis  (49)  and  some  cause  local 
irritation  at  the  site  of  injection  or  topical  application.  Frequently, 
an  individual  who  demonstrates  an  allergic  response  to  a  specific  local 
anesthetic  agent  will  be  able  to  tolerate  quite  satisfactorily  another 
drug  having  a  different  structure  (50) . 

DETOXIFICATION :  Detoxification  is  accomplished  by  the  body  through 

several  chemical  and  enzymatic  processes  in  various  tissues  and  organs. 

The  chief  organ  involved  is  the  liver  which  completely  (or  partially) 
hydrolyzes  the  ester  and  amide  linkages.  With  the  exception  of  cocaine, 
which  is  excreted  in  the  urine  unchanged,  detoxification  is  generally 
a  rapid  process  lasting  several  hours.  Any  unhydrolyzed  drug  or  unmet¬ 
abolized  hydrolysis  product  is  excreted  per  se  by  the  kidneys.  Hydro¬ 
lysis  is  also  effected  in  muscle,  nerve,  and  blood  tissue,  the  process 
often  being  accelerated  by  enzymes  (51). 

Procaine,  an  ester,  is  hydrolyzed  cata lyt ica lly  in  the  blood  and 
liver  by  a  group  of  enzymes  collectively  called  procaine  esterase  into 
para  aminobenzoic  acid  and  diethy laminoethanol .  The  resulting  para 
aminobenzoic  acid  is  conjugated  with  glycine  (an  amino  acid  which 
conjugates  in  vivo  with  most  aromatic  carboxylic  acids)  to  form 
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aminohippuric  acid,  methylated  to  para  methy laminobenzoic  acid,  acetylated, 
or  excreted  unchanged  through  the  kidneys.  Approximately  25  per  cent  (42) 
of  the  diethy laminoethanol  is  excreted  unchanged  in  the  urine,  the 
remainder,  presumably,  is  metabolized  in  the  body. 

Hydrolysis  of  the  amide  type  compounds  is  much  slower;  lidocaine, 
the  most  stable  of  all  related  local  anesthetics,  hydrolyzes  extremely 
slowly  jja  vitro ,  but  more  rapidly  in  vivo .  Dibucaine,  another  amide 
which  is  less  stable  than  lidocaine  but  more  stable  than  its  ester 
analogues,  is  more  easily  hydrolyzed  yet  both  i^n  vitro  and  in  vivo . 

The  aromatic  ring  is  evidently  converted  into  a  hydroxy  compound  which 
is  then  conjugated  with  sulfates  (42). 


- 
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METHODS  AND  PROCEDURES  FOR  QUALITATIVE  IDENTIFICATION 

For  the  purpose  of  this  survey,  the  work  done  to  date  in  this  field 
will  be  considered  under  the  following  categories: 

1.  Procedures  in  the  official  compendia. 

2.  Parent  compounds  and  their  derivatives. 

3.  Infrared  and  ultraviolet  spectra  of  these  compounds. 

4.  Microcrystallography  and  photomicrography. 

5.  Application  of  chromatography. 

6.  Less  specific  color  and  precipitation  tests. 

7.  Miscellaneous  identification  tests  and  separation  procedures. 

1.  Procedures  in  the  Official  Compendia. 

Since  no  official  compendium  recognizes  all  ten  of  the  previously 
mentioned  local  anesthetics  (pp.  8  -  11),  it  seems  there  are  no  compre¬ 
hensive  official  criteria  for  the  qualitative  identification  of  these 
compounds.  The  tests  for  these  compounds  included  in  the  B.P.,  U.S.P., 
and  N.F.  are  based  on  both  non-specific  and  specific  physical  and 
chemical  reactions.  The  former  include  such  tests  as  anion  (chloride 
and  sulfate)  precipitation  reactions,  general  precipitation  reactions 
with  several  common  "alkaloidal  precipitants" ,  and  color  reactions  with 
specific  official  chemical  solutions.  The  physical  and  chemical  reactions 
include  the  use  of  such  criteria  as  melting  points  of  the  parent  compounds 
(as  the  base  or  the  acid  salt),  melting  points  of  various  easily  prepared 
derivatives  (picrates  and  thiocyanates  usually),  and  ultraviolet  spectra. 

2.  Parent  Compounds  and  their  Derivitives . 

One  of  the  most  successful  early  attempts  at  differentiating  and 
identifying  a  series  of  local  anesthetics  was  probably  that  of  Fischer 
(52)  in  1933,  who  characterized  these  compounds  through  the  melting 
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points  of  the  respective  derivatives  formed  with  tr initroresorscinol , 
trinitrobenzoic  acid,  picric  acid,  and  chloroplat inic  acid.  He  and 
Reichel  (53)  in  1944,  tabularized  the  melting  points  of  the  styphnic, 
picric,  picrolonic,  trinitrobenzoic  acids,  and  sodium  bromide  derivitives 
as  a  means  of  identifying  eleven  of  the  then  more  commonly  used  local 
anesthetics.  Hucknall  and  Turfitt  (54)  studied  the  typical  reactions 
of  eleven  local  anesthetics  of  the  benzoate  type  with  selected  "alka- 
loidal  reagents",  and  performed  simple  microcrystal  tests  and  color 
reactions  with  various  selected  reagents.  They  also  utilized  the  melting 
points  of  the  hydrochloride  salts  of  these  drugs  and  gave  a  procedure 
for  the  isolation  of  the  free  base  from  biological  sources  with  subsequent 
conversion  to  the  hydrochloride  as  a  method  of  purification.  Similar 
melting  point  data  have  since  been  published  by  Wickstrom  (55)  and 
Brands tatter-Kuhnert  and  Kuhnert  (56) ;  both  of  these  workers  and  others 
(57,58)  have  observed  that  several  local  anesthetics,  notably  tetracaine 
and  amylocaine,  are  subject  to  polymorphism  as  reflected  in  the  attendant 
melting  points.  Brantstatter-Kuhnert  and  Kuhnert  (56)  and  Fischer  and 
Reitchel  (53)  have  prepared  a  series  of  eutectic  melting  points  with 
various  standard  chemicals  as  an  additional  criterion  of  identification 
for  nine  and  eleven  local  anesthetics  respectively.  The  former  authors 
included  lidocaine,  dibucaine  and  tetracaine  hydrochlorides. 

Little  systematic  work  has  been  carried  out  in  the  identification 
of  the  newer  official  local  anesthetics  through  derivative  formation, 
however  numerous  derivatives  have  been  reported  in  a  sporadic  manner  in 
the  literature.  Both  the  mono-  and  dipicrates  have  been  prepared  (or 
attempted)  for  a  series  of  eighteen  local  anesthetics  of  which  only 
lidocaine,  butethamine,  and  tetracaine  were  of  obvious  particular 
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interest  (59).  More  crystalline  local  anesthetic  picrates  (60,61,62), 
various  disulfimide  derivatives  for  the  identification  of  five  local 
anesthetics  including  lidocaine  and  the  tetracaine  (63),  and  nitrites 
for  a  series  of  local  anesthetics  including  tetracaine  and  dibucaine 
have  also  been  reported  (64). 

Since  its  introduction  by  Wittig  and  Raff  in  1951  (65),  sodium 
tetrapheny lborate  had  not  been  used  as  a  characterizing  reagent  for 
local  anesthetics  prior  to  1959  in  spite  of  Craine's  recommendation 
that  it  was  an  excellent  reagent  for  use  in  the  identification  of 
basic  nitrogenous  compounds  (66).  Schultz  and  Mayer  (67)  discovered 
that  procaine,  benzocaine  and  tetracaine  would  react  quantitatively 
with  this  reagent  and  in  1953,  Fischer  and  Karawia  prepared  procaine 
tetrapheny lborate  (68).  Procaine,  tetracaine,  and  dibucaine  tetra¬ 
pheny  lborates  have  been  prepared  by  Gautier,  Renault,  and  Pellerin 
(69)  .  The  reagent  has  been  used  by  Chatten,  e_t  a_l.  (70)  to  qualit¬ 
atively  and  quantitatively  characterize  a  series  of  six  official  local 
anesthetics  including  naepaine,  tetracaine,  dibucaine,  and  butethamine 
of  the  U.S.P.  and  N  .F  .  ,  and  by  Koehler  and  Feldmann  (62). 

Styphnic  acid  has  been  used  to  derivatize  basic  nitrogenous  drugs 
other  than  local  anesthetics  (71),  local  anesthetics  (53),  and  the  melting 
points  of  the  crystalline  styphnates  of  dimethisoquin ,  tetracaine,  and 
lidocaine  have  been  reported  (53,72). 

Reinecke  salt  has  been  used  as  a  non  specific  reagent  for  the  qual¬ 
itative  detection  of  tetracaine,  dibucaine,  tutocaine,  and  procaine  by 
Willstaedt  (73),  and  the  composition  and  solubilities  of  the  crystalline 
reineckates  of  stovaine  and  cocaine  were  determined  by  Coupechoux  in  1939 
(74).  Reineckates  have  been  determined  gravimetrica lly  (75),  titrimetric- 
ally  (76),  and  colorimetrica lly  (77). 
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The  hydrochloride  salts  of  local  anesthetics  have  been  quantitatively 
determined  by  titration  directly  with  aqueous  sulfuric  acid  (78),  indirectly 
(79),  directly  in  non-aqueous  media  using  visual  indicators  in  conjunction 
with  potentiometric  techniques  (80,81),  and  colorimetrically  (82). 

Local  anesthetic  te tra pheny lborates  have  been  titrated  quantitatively 
in  nonaqueous  media  by  Chatten,  et_  a_l.  (70),  and  Gautier,  et  aJL.  (69), 
and  in  aqueous  media  indirectly  by  Johnson  and  King  (83). 

Local  anesthetic  styphnates  have  also  been  titrated  successfully  in 
nonaqueous  media  by  Clark  and  Wang  (84)  as  have  the  picrates  by  Jasinski 
(85). 

3.  Infrared  and  Ultraviolet  Spectra  of  these  Compounds. 

The  infrared  and  ultraviolet  spectra  have  been  published  for  both 
the  bases  and  hydrochlorides  of  dimethisoquin ,  benoxinate,  dibucaine, 
and  tetracaine  (86) ,  and  for  the  tetropheny lborates  and  hydrochlorides 
of  the  latter  two  plus  butethamine,  naepaine,  procaine  and  piperocaine 
(70).  Fisher  and  Lofgren  (87)  have  determined  the  ultraviolet  spectrum 
of  lidocaine  base  in  hexane,  and  the  ultraviolet  spectra  of  representa¬ 
tive  para  and  meta  aminobenzoate  type  local  anesthetics  have  been  studied 
qualitatively  at  various  pH's  by  Hefferren,  e_t  a_l.  (88). 

4.  Microcrystallography  and  Photomicrography. 

Photomicrography  is  one  technique  which  has  been  used  quite  success¬ 
fully  to  characterize  most  of  the  older  local  anesthetics  and  several  of 
the  newer  ones  of  interest  in  this  investigation.  Literally  scores  of 
reagents  have  been  suggested  for  identifying  nitrogenous  alkaloidal  bases, 
a  few  of  which  have  been  chloroplatinic  acid  (89,90),  reinecke  salt  (91, 

92) ,  styphnic  acid  (93) ,  picric  acid  and  numerous  inorganic  reagents  such 
as  mercuric  iodide,  gold  bromide,  lead  iodide,  potassium  permanganate, 


etc.  (94,95). 
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Sa  and  Marsico  (96)  took  photomicrographs  of  sodium  cupribromide 
derivatives  of  cocaine,  stovaine,  and  procaine.  Willstaedt  (73)  recorded 
photomicrographs  of  procaine  reineckate,  and  photomicrographs  of  inorganic 
salt  derivatives  of  the  older  local  anesthetics  of  the  benzoate  type  have 
been  published  by  Hucknall  and  Turfitt  (54).  The  microcrystals  formed 
by  cocaine,  procaine,  stovaine,  alypine,  larocaine,  and  anesthine  with 
styphnic  acid  (97)  and  of  cocaine  with  both  styphnic  and  picric  acids 
(98)  have  been  reported.  Those  compounds  having  primary  aryl  amine  groups 
have  been  similarly  characterized  by  Vonesch  (99)  using  sodium  1,2-naph- 
thoquinone-4-sulf onate . 

Dibucaine,  lidocaine,  and  butethamine  hydrochlorides  have  been 
derivatized  on  a  microscope  slide  with  platinic  chloride  and  picric  acid 
(the  latter  two  as  picrates  only)  by  Clarke  (94) .  Picrates  and  aurates 
of  tetracaine,  dibucaine,  and  other  selected  alkaloids  have  been  reported 
by  Saredo  (100).  Eight  photomicrographs  of  a  series  of  local  anesthetics 
including  tetracaine  and  dibucaine  have  been  prepared  by  Larrea  (101). 
Geragnini  and  Vonesch  (102)  have  designed  a  micro- technique  for  the 
identification  of  sixteen  local  anesthetics  including  tetracaine,  dibu¬ 
caine,  and  butethamine  based  on  their  differential  reactions  with 
silicotungstic  and  silicomolibdic  acids,  and  sodium  1 ,  2 -naphthoquinone- 
4-sulfonate.  They  also  include  the  microcrystalline  reactions  of  these 
compounds  with  styphnic,  picric,  and  picrolonic  acids,  reinecke  salt,  and 
sodium  1 , 2 -naphthoquinone-4-sulf onate .  In  their  paper,  the  photomicro¬ 
graphs  include  butethamine  and  dibucaine  reineckates,  various  miscellaneous 
picrolonates  and  styphnates  including  butethamine  styphnate.  This  is  one 
of  the  most  comprehensive  papers  published  to  date  on  the  qualitative 
identification  of  local  anesthetics  on  a  micro  level.  Buchi  (103)  has 
utilized  microchemical  reactions,  the  general  morphology,  and  optical 
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properties  of  the  resulting  crystalline  products  along  with  micro-melting 
points  and  eutectic  melting  points  to  characterize  a  series  of  local 
anesthetics  including  butethamine,  tetracaine,  and  lidocaine. 

5.  Application  of  Chromatography. 

This  is  a  technique  which  has  lent  itself  well  to  this  group  of 
drugs  in  particular.  Ascending  paper  chromatography  has  been  utilized 
to  identify  qualitatively  procaine,  cocaine,  butacaine,  amethocaine,  and 
lidocaine  through  both  their  values  and  their  respective  color  reac¬ 
tions  with  a  modified  Dragendorf f ' s  reagent  sprayed  onto  the  paper  (104). 
Schriftman  (105)  has  separated  and  differentiated,  in  a  similar  fashion, 
tetracaine  and  phenylephrine. 

Various  selected  local  anesthetics  have  been  separated  and  identified 
by  ascending  paper  chromatography  by  Vitte  and  Boussemart  (106),  Jaminet 
( 107),  Castoguola ,  et_  a_l.  (108),  and  quantitatively  as  well  as  qualitatively 
by  Wagner  (109).  Dibucaine  and  the  N-diethyl  analogue  of  tetracaine  have 
been  separated  and  identified  from  spinal  fluid  by  Obota  and  Kagoya  (110). 

More  recently,  Fischer  and  Otterbeck  (111)  and  Koehler  and  Feldmann 
(62)  separated  several  of  the  newer  local  anesthetics  such  as  butethamine, 
lidocaine,  naepaine,  proparacaine ,  tetracaine  and  dibucaine  using  several 
different  solvent  systems. 

6.  Less  Specific  Color  and  Precipitation  Tests. 

Color  and  precipitation  tests  with  literally  scores  of  reagents  have 
been  reported  by  many  workers  in  an  effort  to  develop  rapid  techniques 
for  identifying  both  the  older  and  newer  local  anesthetics.  Generally, 
however,  a  search  of  the  literature  has  revealed  that  the  emphasis  of 
this  particular  phase  of  research  has  been  focused  primarily  on  the  older, 
nonofficial  local  anesthetics.  These  compounds  have  been  characterized 

extensively  through  their  color  reactions  with  such  leagents  as  pai.a 
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dime  thy laminobenza ldehyde ,  vanillin,  nitric  acid,  and  potassium  hydroxide 
(94,112,113,114,115) ,  and/or  through  various  precipitation  tests  (116,117). 

Several  of  the  newer  local  anesthetics  official  in  the  B.P.,  U.S.P., 
N.F.,  and  N.N.D,  have  been  studied  with  regard  to  their  color  reactions 
with  various  reagents  by  Wachsmuth  and  van  Koeckhoven  (118),  Maggiorelli 
(119),  and  Clarke  (94).  Their  color  and  precipitation  reactions  have 
also  been  investigated  by  Bandoni  (120),  Merz  (121),  and  Hucknall  and 
Turfitt  (54)  . 

Two  fairly  comprehensive  papers  have  been  published  in  which  system¬ 
atic  flowsheet  type  reactions  have  been  presented  to  differentiate  these 
compounds:  The  procedure  of  Guagnini  and  Vonesch  (102)  covers  sixteen 
local  anesthetics  of  which  only  two,  butethamine  and  tetracaine,  are  used 
in  significant  quantities  today;  Hopkins'  procedure  (122)  covers  nine 
local  anesthetics  of  which  dibucaine  and  tetracaine  are  presently  official. 
7.  Miscellaneous  Identification  Tests  and  Separation  Procedures. 

Buchi  (123)  used  the  technique  of  vacuum  microsublimation  to  determine 
such  parameters  as  the  formation  and  appearance  of  sublimates,  temperature 
relations,  sublimate  distances,  and  duration  of  sublimation  to  differen¬ 
tiate  a  group  of  selected  local  anesthetics  which  included  butethamine. 

In  1949,  Hucknall  and  Turfitt  (54)  incorporated  chemical  functional 
group  tests  to  determine  the  presence  or  absence  of  an  ester  linkage 
(hydroxamic  acid  reaction) ,  a  benzoate  (alcoholysis) ,  or  an  aryl  amino 
group  (soda  lime/furfural  reaction).  Also,  these  same  authors  employed 
precipitation  and  color  reactions  as  well  as  micro-mixed  melting  point 
determinations  to  identify  a  series  of  local  anesthetics. 

In  1959,  Castel  and  Antisso  (124,125)  determined  the  solubilities 
of  twelve  local  anesthetics  in  a  specific  series  of  organic  solvents  to 
fractionate  and  classify  them. 
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Paper  electrophoresis  has  also  been  used  to  effect  a  separation  and 
identification  of  two  series  of  local  anesthetics  containing  butethamine, 
lidocaine,  naepaine,  proparacaine ,  and  tetracaine  by  Koehler  and  Feldmann 
(62),  and  by  Jokland  Sukupova-Kolkova  (126). 

More  recently,  Koehler  and  Hefferren  (  127)  have  applied  gas-liquid 
chromatography  to  the  detection  and  quantitation  of  a  series  of  local 
anesthetics  and  their  component  alcohols. 


STATEMENT  OF  THE  PROBLEM 
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Few  drugs  are  used  more  extensively  today  than  are  the  local 
anesthetics.  This  widespread  acceptance  by  the  medical  profession  and 
the  general  public  has  resulted  in  their  appearance  on  the  market  in 
many  different  dosage  forms  either  alone,  or  in  combination  with  other 
drugs.  Although  they  are  seldom  the  cause  of  poisoning,  their  facile 
acquisition  without  prescription  by  the  public,  and  the  variety  of  local 
anesthetics  currently  available  without  legal  restriction  has  made  their 
qualitative  identification  a  matter  of  considerable  importance,  especially 
to  the  pharmaceutical  chemist  engaged  in  forensic  chemistry  and  toxicology. 

A  survey  of  the  literature  has  indicated  that  much  work  has  been 
expended  in  characterizing  the  local  anesthetics  generally.  Apparently, 
however,  no  completely  comprehensive  method  for  differentiating  those 
newer,  currently  prominant,  official  ester  and  amide  type  local  anesthetics 
previously  enumerated  and  found  primarily  in  the  N.N.D,  (23)  and  other 
official  pharmaceutical  compendia  (21,22,24)  has  been  reported  to  date. 

No  single  recognized  pharmaceutical  compendium  contains  all  of  the 
currently  useful  local  anesthetics.  However,  for  those  contained  in  the 
British  Pharmacopoeia  (21),  United  States  Pharmacopeia  (22),  and  the 
National  Formulary  (24),  monographs  are  offered  outlining  various  tests 
and  physical  constants  by  which  these  compounds  may  be  identified.  Some 
have  been  studied  qualitatively  through  numerous  techniques  by  many  workers 
(53,54,56,59,62,64,70,72).  It  is  apparent  that  such  a  disarray  of  data  is 
of  little  practical  value  to  the  analyst  wishing  to  quickly  identify  one 
or  more  of  these  drugs . 

Thus,  it  is  the  aim  of  this  investigation  to  devise  a  comprehensive 
gg£-j_gg  of  several  physical  reference  criteria  which  can  be  utilized  to 
positively  identify  these  compounds  in  the  least  amount  of  time.  The 
scheme  to  be  presented  will  consist  of  three  separate  stages. 
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(1)  Der ivat ization  of  the  parent  compounds. 

(2)  Preparation  of  infrared  spectra  of  the  parent  compounds  and 
their  derivatives . 

(3)  Preparation  of  photomicrographs  of  selected  derivatives  of  the 
parent  compounds . 


EXPERIMENTAL 
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Apparatus :  Fischer- Johns  melting  point  apparatus  (calibrated  with  melting 
point  reference  standards);  10  ml.  burette,  graduated  to  0.05  ml.;  Elec¬ 
tromagnetic  stirring  apparatus;  Heating  mantle;  Porcelain  crucibles; 

Electric  laboratory  furnace  (0-2000°C) ;  Beckman  IR-5A  Infrared  Spectro¬ 
photometer  equipped  with  NaCl  optics  and  adjusted  according  to  the 
following  qualitative  settings:  gain  7,  aux .  gain  3,  damping  6,  balance 
4,  S.B.  1007o  9,  and  a  pen  speed  of  16  minutes  for  full  scale  scanning 
from  2  to  16  microns;  Beckman  #4240  Rectangular-Pellet  Potassium  Bromide 
Die;  Carver  Laboratory  Press;  Duo-Seal  vacuum  pump;  and  Wig-L-Bug 
amalgamator;  Bausch  &  Lomb  biological  microscope  equipped  with  a  5X 
eyepiece,  10X  and  43X  objective  lenses,  substage  condenser  with  adjust¬ 
able  diaphragm,  and  a  movable  stage  mounted  on  an  Ortho-Illuminator  with 
color  and  intensity  adjustments  at  "D"  and  "3"  respectively;  Olympus 
PM-8  35  mm.  microphotographic  camera;  Kodak  Panatomic-X  35  mm.  film; 
Microphotographic  exposure  meter,  model  200  M  (Photovolt  Corp.,  N.Y.C.); 
Microscope  slides,  75  x  25  mm.;  Cover  glasses,  No.  1,  18  mm.  sq.;  15  ml. 
amber  dropper  bottles;  and  the  usual  laboratory  glassware. 

Reagents  and  Solutions:  Benoxinate  HC1  (U.S.P.);  proparacaine  HC1; 
eye lomethycaine  sulfate;  dibucaine  HC1;  lidocaine  HC1;  tetracaine  HC1 
(U.S.P.);  dime thisoquin  HC1;  Naepaine  HC1  (N.F.);  butethamine  HC1  (N.F.); 
hexylcaine  HC1;  acetone  (A.C.S.);  ether  (A.C.S.);  isopropanol  (A.C.S.); 
ethanol,  957>  (redistilled);  glacial  acetic  acid  (A.C.S.);  methanol  (A.C.S.); 
styphnic  acid  (Eastman  Kodak  Co.);  acetous  perchloric  acid,  0.05N  (stand¬ 
ardized  against  potassium  acid  phthalate,  primary  standard);  crystal  violet 
indicator  solution  (0.57o  in  glacial  acetic  acid,  A.C.S.);  sodium  hydroxide 
(A.C.S.)  aqueous  solution  (10%);  phosphorous  pentoxide  (A.C.S.);  methyl 
iodide  (reagent  grade) ;  saturated  ethanolic  (95%,  redistilled)  solution  of 
styphnic  acid;  reinecke  salt  (reagent  grade)  aqueous  solution  (2%);  sodium 
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tetrapheny lb or on  (reagent  grade)  aqueous  solution  (25%);  ch loroplat inic 
acid  (A.C.S.)  aqueous  solution  (25%) ;  infrared  quality  potassium  bromide 
(dried  at  HOC  for,  48  hours);  aqueous  solutions  of:  hexylcaine  HC1  0.5%, 
1.0%,  lidocaine  HC1  0.5%,  1.0%,  naepaine  HC1,  N .F .  0.5%,  1.0%,  butethamine 
HC1,  N.F.  0.5%,  1.0%,  tetracaine  HC1,  U.S.P.  0.25%,  0.5%,  1.0%,  cyclo- 
methycaine  sulfate  o.25%,  0.5%,  1.0%,  proparacaine  HC1  0.25%,  0.5%,  1.0%, 
dimethisoquin  HC1  0.25%,  0.5%,  1.0%,  benoxinate  HC1,  U.S.P.  0.25%,  0.5%, 
1.0%.,  and  dibucaine  HC1  0.25%,  0.5%.,  1.0%>;  aqueous  reinecke  salt  solutions 
0.1%>,  0.25%>,  0.5%,,  1.0%,;  aqueous  and  alcoholic  picric  acid  (reagent  grade) 
solutions  (95%,  ethanol,  redistilled)  0.25%,,  0.5%,,  1.0%,,  and  in  acetone 
0.5%,,  1.0%,;  aqueous  and  alcoholic  (95%,  ethanol,  redistilled)  styphnic 
acid  solutions  0.16%,,  0.32%,,  0.64%,,  and  0.25%,,  0.5%,,  1.0%,  respectively; 
aqueous  potassium  permanganate  (A.C.S.)  solutions  0.5%,,  1.0%,;  aqueous 
chloroplatinic  acid  solutions  0.25%,,  0.5%,,  1.0%,  and  0.25%,,  0.5%,,  1.0%, 
solutions  in  a  phosphoric  acid  (A.C .S .) /water  (3:1)  system;  alcoholic 
(95%,  ethanol,  redistilled)  picrolonic  acid  (reagent  grade)  solutions 
0.25%,,  0.5%,,  and  1.0%,.  These  solutions  were  stored  in  15  ml.  amber  drop¬ 
per  bottles . 

Elemental  Analysis:  All  derivatives  were  submitted  for  carbon,  hydrogen, 
and  nitrogen  elemental  analyses  to: 

Dr.  G.  Weiler,  Dr.  F.B.  Strauss 

Microana lyt ica 1  Laboratory 

164  Banbury  Road 

Oxford,  England. 

A.  FORMATION  OF  DERIVATIVES. 

1)  Preparation  and  Assay  of  the  Styphnates 

Pr e pa ra t ion :  The  general  procedure  for  the  preparation  of  styphnates  as 
outlined  by  Wild  (128)  was  modified  slightly  and  used  as  follows:  a 
solution  of  250  mg.  of  a  local  anesthetic  salt  dissolved  in  10  ml.  of 
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95%,  ethanol  was  poured  into  10  ml.  of  a  saturated  alcoholic  solution  of 
styphnic  acid  and  the  mixture  heated  to  boiling  and  cooled.  It  was 
occasionally  necessary  to  concentrate  the  solution  to  approximately  one- 
half  of  the  original  volume  on  a  water  bath  to  induce  crystallization 
upon  cooling.  The  crystalline  styphnate  was  filtered  off  (yield:  ca . 
20-937,),  recrystallized  from  95%  ethanol,  and  dried  in  a  vacuum  desic¬ 
cator  over  phosphorous  pentoxide  at  room  temperature  for  twenty-four 
hours  after  which  the  melting  points  were  taken  on  a  Fisher-Johns  melting 
point  apparatus. 

Determination  of  Equivalent  Weights:  Each  of  the  styphnates  was  titrated 
in  glacial  acetic  acid  according  to  the  following  modified  technique  for 
picrates  applied  by  Clark  and  Wang  (84):  About  1  meq.  of  the  styphnate, 
accurately  weighed,  was  dissolved  in  5  ml.  of  acetone  and  45  ml.  of  glacial 
acetic  acid  with  gentle  heat  when  necessary.  The  solution  was  cooled,  two 
drops  of  crystal  violet  indicator  solution  were  added,  and  then  titrated 
to  a  blue  or  green  end  point  with  0.05N  acetous  perchloric  acid  with 
continuous  stirring  by  means  of  an  electromagnetic  stirrer.  A  blank 
determination  on  the  solvent  system  required  0.05  ml.  of  the  titrant. 

The  following  derivatives  were  prepared: 

Cyclomethycaine  styphnate,  m.p.  100 . 0- 1 . 0*C  ,  yield  81.08%,  purity 
by  titrimetry  99.25%,. 

Formula:  028^36^4^11 

Theoretical  analysis:  C  55.60%,,  H  6.00%,,  N  9.26%,. 

Found  analysis:  C  55.66%,,  H  6.07%,,  N  9.164. 

Dibucaine  styphnate,  m.p.  109 . 5- 10 . 5°  C  ,  yield  74.88%,,  purity  by 
titrimetry  99.37%,. 

Formula:  C2gH32Ng0^o 

Theoretical  analysis:  C  53.02%,,  H  5.484,  N  14.274. 

Found  analysis:  C  52.75%,,  H  5.504,  N  14.694. 

Lidocaine  styphnate,  M.P.  227.0-8.0°C,  yield  79.08%,  purity  by 
titrimetry  100.34%,. 

Formula:  020^25^5^9 

Theoretical  analysis:  C  50.104,  H  5.264,  N  14.614. 

Found  analysis:  C  50.264,  H  5.254,  N  14.784. 
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Tetracaine  styphnate,  rn.p.  146.5-7.5*0,  yield  80.58%,  purity  by 
titrimetry  99.88%. 

Formula:  0211127^0^0 

Theoretical  analysis:  C  49.51%,  H  5.34%,  N  13.75%. 

Found  analysis:  C  49,44%,  H  5.16%,  N  13.81%. 

Dimethisoquin  styphnate,  m.p.  125.5-7.0°C,  yield  91.90%,  purity  by 
titrimetry  99.08%. 

Formula:  C23H27N5O9 

Theoretical  analysis:  C  53.38%,  H  5.26%,  N  13.53%. 

Found  analysis:  C  53.30%,  H  5.36%,  N  13.62%. 

Naepaine  styphnate,  m.p.  139 .5-40 .5°C ,  yield  20.84%,  purity  by  titri¬ 
metry  99.24%. 

Formula:  020^25^5^10 

Theoretical  analysis:  C  48.49%,  H  5.09%,  N  14.14%. 

Found  analysis:  C  48.74%,  H  5.24%,  N  14.41%. 

Butethamine  styphnate,  m.p.  172 . 0-3 . 0oC ,  yield  93.38%,  purity  by 
titrimetry  100.18%. 

Formula:  C19H23N5O10 

Theoretical  analysis:  C  47.40%,  H  4.82%>,  N  14.55%. 

Found  analysis:  C  47.57%,  H  4.97%,  N  14.85%. 

Hexylcaine  styphnate,  m.p.  164.5-5.5*0,  yield  90.08%,  purity  by 
titrimetry  99.76%.. 

Formula:  C22H26N40l0 

Theoretical  analysis:  C  52.17%,  H  5.17%,  N  11.06%. 

Found  analysis:  C  52.20%,  H  5.42%,  N  11.37%. 

2)  Preparation  and  Assay  of  the  Reineckates 

Preparation :  The  precedure  used  by  Chatten  and  Levi  (129)  was  modified 
and  used  as  follows:  to  250  mg.  of  the  local  anesthetic  salt  dissolved 
in  10  ml.  of  water,  excess  aqueous  reinecke  salt  solution  (2%,)  was  added 
slowly  with  constant  stirring  and  the  resulting  precipitated  mass  allowed 
to  stand  ten  minutes  at  room  temperature.  The  amorphous  or  crystalline 
precipitate  was  filtered  off  (yield:  £a.  70-94%.),  washed  with  cold  water 
until  the  filtrate  was  clear.  Recrystallization  was  carried  out  by  sus¬ 
pending  or  dissolving  the  washed  precipitate  in  approximately  5  ml.  of 
ethanol  (95%,),  adding  sufficient  acetone  dropwise  to  solubilize  it  if  it 
had  not  already  dissolved,  and  adding  water  dropwise  with  agitation  until 
a  permanent  turbidity  was  produced.  The  vessel  was  then  cooled  in  an  ice 
bath  and  the  resulting  crystalline  material  filtered,  dried  for  twenty- 
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four  hours  in  a  vacuum  desiccator  over  phosphorous  pentoxide ,  and  analyzed 
for  chromium  context . 


Assay :  The  purity  of  the  reineckates  was  determined  gravimetrically  by 
ashing  ca_.  50  mg.  of  the  reineckate,  accurately  weighed,  at  1500°C  for  one 
hour  in  a  porcelain  crucible.  The  resulting  C^O^  was  weighed  and  related 
to  the  chromium  content  of  the  original  reineckate. 

The  reineckates  prepared  and  the  results  of  the  gravimetric  analyses 


are  as  follows: 


Benoxinate  reineckate,  m.p.  129 . 0-32 . 0*0  (decomp.),  yield  76.897,. 
Formula:  C2 lH35CrNg03S4 

Theoretical  analysis:  C  40.177,,  H  5.62%,  Cr  8.287,,  N  17.857,. 

Found  analysis:  C  40.10%,  H  5.78%,  Cr  8.18%,  N  17.98%. 


Proparacaine  reineckate,  m.p.  138. 0-40. 0°C  (decomp.),  yield  82.007,. 
Formula:  C20H33CrNg03S4 

Theoretical  analysis:  C  39.137,,  H  5.427,,  Cr  8.477,,  N  18.267,. 

Found  analysis:  C  39.097,,  H  5.507,,  Cr  8.367>,  N  18.537,. 

Cyc lomethycaine  reineckate,  m.p.  152.5-6.0°C  (decomp.),  yield  72.447,. 
Formula:  C26H40CrN7°3S4 

Theoretical  analysis:  C  46.007,,  H  5.947,,  Cr  7.667,,  N  14.444. 

Found  analysis:  C  46.237,,  H  6.077,,  Cr  7.627,,  N  14.087, 

Dibucaine  reineckate,  m.p.  102.0-4.0  C  (decomp.),  yield  87.124. 
Formula:  C24H36CrN902S4 

Theoretical  analysis:  C  43.497,,  H  5.477,,  Cr  7.857,,  N  19.107,. 

Found  analysis:  C  43.82%,  H  5.65%,  Cr  7.82%,  N  18.89%. 

Lidocaine  reineckate,  m.p.  179.0-81.5  C  (decomp.),  yield  72.037,. 
Formula:  C igH29CrNg0S4 

Theoretical  analysis:  C  39.047,,  H  5.287,,  Cr  9.397,,  N  20.247,. 

Found  analysis:  C  39.084,  H  5.164,  Cr  9.434,  N  20.214. 


Tetracaine  reineckate,  m.p.  139 . 5-44 . 0°C  (decomp.),  yield  88.64%. 
Formula:  C^9H3iCrNg02S4 

Theoretical  analysis:  C  39.094,  H  5.354,  Cr  8.914,  N  19.134. 

Found  analysis:  C  39.324,  H  5.214,  Cr  8.814,  N  19.134. 

Dimethisoquin  reineckate,  m.p.  137.5-40.5  C  (decomp.),  yield  93.997,. 
Formula:  C2 lH3lCrN80S4 

Theoretical  analysis:  C  42.627,,  H  5.287,,  Cr  8.794,  N  18.944. 

Found  analysis:  C  42.60%,  H  5.40%,  Cr  8.90%,  N  18.69%. 


Naepaine  reineckate,  m.p.  157 .5-9.0  C  (decomp.) 
Formula:  C i gH29CrNg02S4 

Theoretical  analysis:  C  37.95%,  H  5.137,,  Cr  9.137,,  N 
Found  analysis:  C  37.834,  H  5.014,  Cr  9.104,  N 


yield  70.45%. 

19.67%. 

19.44%. 
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Butethamine  reineckate,  m.p.  155.0-6.5*C  (decomp.),  yield  72.61%. 
Formula:  C^7H27CrNg02S4 

Theoretical  analysis:  C  36.74%,  H  4.90%,  Cr  9.36%,  N  20.17%. 

Found  analysis:  C  36.97%,  H  4.80%,  Cr  9.30%,  N  20.43%. 

Hexylcaine  reineckate,  m.p.  145.0-7.5°C  (decomp.),  yield  77.99%. 
Formula:  C20H30CrN7°2S4 

Theoretical  analysis:  C  41.36%,  H  5.21%,  Cr  8.96%,  N  16.88%. 

Found  analysis:  C  41.27%,  H  5.53%,  Cr  8.88%,  N  17.08%. 

3 )  Preparation  and  Assay  of  the  Tetrapheny lborates  (TPB's) * 

Preparation :  The  procedure  used  by  Koehler  and  Feldmann  (62)  was  followed 
with  slight  modifications.  After  250  mg.  of  a  local  anesthetic  salt  was 
dissolved  in  5  ml.  of  water  (eye lomethycaine  sulfate  required  20  ml.), 
the  pH  of  the  resultant  solution  was  determined  approximately  with  univer¬ 
sal  indicator  paper  to  ensure  that  it  was  acidic.  A  slight  excess  of  2,5%. 
sodium  tetrapheny lborate  solution  was  added  slowly  with  concomitant  stirring 
and  the  mixture  allowed  to  stand  for  twenty  minutes,  after  which  the  precip¬ 
itate  was  filtered  off,  rinsed  with  water  until  the  filtrate  was  clear 
(yield:  ca_.  73-90.4%.),  and  recrystallized  from  ethanol  (95%>)  ,  absolute 
methanol,  ethanol/acetone,  or  methanol/acetone  by  adding  water  dropwise 
with  agitation  until  the  solution  became  turbid,  and  then  cooling.  The 
resultant  crystalline  derivatives  were  dried  for  twenty-four  hours  in  a 
vacuum  desiccator  over  phosphorous  pentoxide,  and  their  melting  points 
determined . 

If  the  TPB's  precipitated  as  lumps  or  as  a  fine  suspension  which  was 
filtered  off  with  difficulty,  sufficient  ethanol  (95%)  was  added  to  the 
opaque  aqueous  suspension  to  dissolve  the  derivative  with  the  aid  of  gentle 
heat.  The  solution  was  then  cooled,  water  was  added  dropwise  to  cause  a 
turbidity,  and  then  warmed  moderately  to  clarify  the  solution.  After 
cooling,  well  defined,  white,  easily  filterable  crystals  separated  out. 


*  "Tetrajpheny lborates"  may 


hereafter  be  referred  to  as  "TPB's". 
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De terminat ion  of  Equivalent  Weights:  The  nonaqueous  titration  procedure 
for  local  anesthetic  TPB's  as  outlined  by  Chatten  and  Pernarowski  (70) 
was  used.  To  50  to  75  mg.  of  a  local  anesthetic  TPB ,  accurately  weighed, 
dissolved  in  5  ml.  of  acetone  and  45  ml.  of  glacial  acetic  acid,  two 
drops  of  crystal  violet  indicator  solution  were  added.  The  solution 
was  then  titrated  with  0.05N  acetous  perchloric  acid  to  a  green  or  blue 
end  point  with  constant  stirring  by  means  of  an  electromagnetic  stirring 


apparatus . 


The  TPB's  prepared  and  the  results  of  the  titrations  are  as  follows: 


Benoxinate  TPB,  m.p.  118.5-20.0*0,  yield  76.79%,  purity  by  titrimetry 
99.57%. 

Formula:  C41H49BN2O3 

Theoretical  analysis:  C  78.33%,  H  7.867,,  N  4.467,. 

Found  analysis:  C  78.027,,  H  7.857o,  N  4.667, . 


Proparacaine  TPB,  m.p.  131.5-2.0*0  (decomp.),  yield  75.427,,  purity 
by  titrimetry  99.507,. 

Formula:  C40H47BN2O3 

Theoretical  analysis:  C  78.17%,  H  7.717,,  N  4.56%. 

Found  analysis:  C  77.897,,  H  7.897,,  N  4.807,. 


Cyclome thy caine  TPB,  m.p.  132.5-5.0*0  (decomp.),  yield  90.437,, 
purity  by  titrimetry  99.807,. 

Formula:  C46H54BNO3 

Theoretical  analysis:  C  81.2.7%,  H  8.017,,  N  2.067,. 

Found  analysis:  C  80.947,,  H  7.997,,  N  2. 2 84. 


Dibucaine  TPB,  m.p.  142.5-4.5°C  (decomp.),  yield  80.14%,  purity  by 
titrimetry  100.7  37,. 

Formula:  C44H50BN3O2 

Theoretical  analysis:  C  79.637,,  H  7.597,,  N  6.334. 

Found  analysis:  C  7  9.477,,  H  7.677,,  N  6.364. 

Lidocaine  TPB,  m.p.  137.0-9.5 °C  (decomp.),  yield  89.64%,  purity 
by  titrimetry  100.97%,. 

Formula:  C38H43BN2O 

Theoretical  analysis:  C  82.304,  H  7.824,  N  5.054. 

Found  analysis:  C  81.884,  H  7.834,  N  5.344. 

Tetracaine  TPB,  m.p.  126.5-8.0*0,  yield  82.34%,  purity  by  titri¬ 
metry  100.397,. 

Formula:  C39H45BN2O2 

Theoretical  analysis:  C  80.134,  H  7.164,  N  4.794. 

Found  analysis:  C  80.084,  H  7.594,  N  4.924. 
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Dime  th  isoquin  TPB,  m.p.  133 . 5-5 . 0°C ,  yield  73.00%,  purity  by  titri- 
metry  99.45 %,. 

Formula:  C41H45BN2O 

Theoretical  analysis:  C  83.09%,  H  7.65%,  N  4.73%. 

Found  analysis:  C  83.18%,  H  7.69%,  N  4.69%. 

Naepaine  TPB,  m.p.  116.0-8.0  C  (decomp.),  yield  84.417o,  purity  by 
titrimetry  99.10%,. 

Formula:  C38H43BN2O2 

Theoretical  analysis:  C  79.49%,  H  7.60%,  N  4.91%. 

Found  analysis:  C  79.86%,  H  7.66%,  N  4.78%. 

Butethamine  TPB,  m.p.  76.5-9.0*0,  yield  99.93%,,  purity  by  titrimetry 
97.65%. 

Formula:  C37H41BN2O2 

Theoretical  analysis:  C  79.79%,,  H  7.43%,,  N  5.03%>. 

Found  analysis:  C  79.87%,,  H  7.48%,  N  5.03%,. 

Hexylcaine  TPB,  m.p.  64.0-8.0°C,  yield  81.97%,,  purity  by  titrimetry 
99.12%. 

Formula:  C40H44BNO2 

Theoretical  analysis:  C  82.61%,,  H  7.63%,,  N  2.41%,. 

Found  analysis:  C  82.26%,  H  7.41%,  N  2.56%. 

4)  Preparation  of  the  Chloroplatinates 

Preparation:  The  method  presented  by  Wild  (128)  was  adapted  to  the  form¬ 
ation  of  local  anesthetic  chloroplatinates  as  follows:  to  250  mg.  of  the 
local  anesthetic  salt  dissolved  in  5  ml.  of  water,  a  slight  excess  of 
the  chloroplatinic  acid  solution  (25%,)  was  added  with  stirring  by  means 
of  a  glass  rod.  In  those  cases  where  the  derivative  was  unstable  in 
aqueous  media,  the  local  anesthetic  salt  was  dissolved  in  5  ml.  of 
absolute  methanol,  to  which  a  slight  excess  of  chloroplatinic  acid,  also 
dissolved  in  5  mf.  of  absolute  methanol,  was  added  with  stirring.  The 
mixture  was  allowed  to  stand  twenty  minutes  in  an  ice  bath,  the  finely 
crystalline  precipitate  was  filtered  off  (yield:  ca.  40.5-99.6%)  and 
purified  by  (a)  washing  with  cold  water  until  the  filtrate  was  clear,  (b) 
washing  with  cold  water  and  then  recrystallizing  from  ethanol  (95%),  or 
(c)  washing  well  with  cold  absolute  methanol.  The  chloroplatinates  were 
dried  for  twenty-four  hours  in  a  vacuum  desiccator  over  phosphorous 
pentoxide ,  and  the  melting  points  determined. 
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The  chloroplatinates  prepared  were: 


Benoxinate  chloroplat inate ,  m.p.  186.0-9.0*0  (decomp.),  yield  96.02%. 
Formula:  C 17H3QCl6N203Pt 

Theoretical  analysis:  C  28.43%,  H  4.21%,  N  3.90%. 

Found  analysis:  C  28.69%,  H  4.11%,  N  4.33%. 


Proparacaine  chloroplatinate ,  m.p.  195.5-8.5°C  (decomp.),  yield  99.53%. 
Formula:  C 16H28C l6N203Pt 

Theoretical  analysis:  C  27.29%,  H  4.017o,  N  3.98%. 

Found  analysis:  C  26.99%,  H  4.31%,  N  4.22%. 


Cyclomethycaine  chloroplatinate,  m.p. 
Formula:  C44H58C l6N2°6Pt 

Theoretical  analysis:  C  46.81%,  H  6.07%,  N 
Found  analysis:  C  46.68%,,  H  6.23%,,  N 


86 .0-91 .0°C,  yield  98.74%. 

2.48%. 

2 . 34% . 


Dibucaine  chloroplatinate, 
Formula:  C4QH6oCl6N6°4Pt: 
Theoretical  analysis:  C  43.80%,, 
Found  analysis:  C  43.72%,, 


m.p.  169. 5-71. 5°C,  yield  99.20%. 

H  5.51%,  N  7.66%. 

H  5.85%,  N  7.82%. 


Lidocaine  chloroplatinate,  m.p.  193.0-7.0*0  (decomp.),  yield  98.61%. 
Formula:  C2gH45C  lgN^^Pt 

Theoretical  analysis:  C  38.28%,,  H  5.28%,,  N  6.38%,. 

Found  analysis:  C  38.62%,,  H  5.43%,,  N  6.12%,. 

Tetracaine  chloroplatinate,  m.p.  128. 5-30. 5°C  (decomp.),  yield  99.75%. 
Formula:  C^qH^qC l^N^O^Pt 

Theoretical  analysis:  C  38.39%,,  H  5.37%,,  N  5.97%>. 

Found  analysis:  C  38.24%,,  H  5.65%,,  N  6.05%,. 


Dimethisoquin  chloroplatinate,  m.p.  145.5-9.0°C,  yield  97.12%,. 

Formula:  C34H50C l6N402Pt 

Theoretical  analysis:  C  42.78%,,  H  5.28%,,  N  5.87%,. 

Found  analysis:  C  42.99%,,  H  5.54%,,  N  6.14%,. 

Naepaine  chloroplatinate,  m.p.  210-5-15. 0°C  (decomp.),  yield  78.17%,. 
Formula:  C 14H24C lgN202Pt 

Theoretical  analysis:  C  25.47%,,  H  3.67%,,  N  4.24%,. 

Found  analysis:  C  25.66%,,  H  3.86%,,  N  3.92%>. 

Butethamine  ch  loroplat  inate ,  m .  p .  210. 5-15. 0°C  (decomp.),  yield  40.51%,. 
Formula:  C13H22C 16^2^2^ 

Theoretical  analysis:  C  24.17%,,  H  3.43%,,  N  4.34%,. 

Found  analysis:  C  23.83%,,  H  3.84%,,  N  4.13%,. 

Hexylcaine  chloroplatinate,  m.p.  84.0-8.0°C,  yield  97.02%,. 

Formula:  £32^68^  •'-6^204Pt 

Theoretical  analysis:  C  41.22%,,  H  7.35%,,  N  3.00%,. 

Found  analysis:  C  41.61%,,  H  7.51%,,  N  3.48%,. 

5)  Preparation  of  the  Methiodides 


Procedure:  The  general  procedure  for  the  preparation  of  methiodides  as 
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out  lined  by  Jensen,  ejt  al  (142),  was  modified  slightly  as  follows:  to  250 
mg.  of  the  local  anesthetic  salt  dissolved  in  approximately  10  ml.  of  water 
in  a  separatory  funnel,  a  slight  excess  of  10  per  cent  sodium  hydroxide  was 
added  and  shaken  well.  The  free  base  was  extracted  with  three  5  ml.  portions 
of  ether,  and  after  the  combined  ethereal  extracts  were  dried  with  anhydrous 
sodium  sulfate,  a  slight  excess  of  methyl  iodide  was  added  and  the  solution 
refluxed  for  five  minutes.  After  cooling,  the  crystalline  derivative  was 
filtered  off  (yield:  ca_.  40-817,),  washed  with  ether,  recrystallized  from 
isopropanol  or  acetone/ether ,  and  dried  in  a  vacuum  desiccator  over  phos¬ 
phorous  pentoxide  for  twenty-four  hours. 

The  following  derivatives  were  prepared: 

Cyclomethycaine  methiodide,  m.p.  180.5-4.5°C,  yield  58.847,. 

Formula:  C23H36INO3 

Theoretical  analysis:  C  55.097,,  H  7.247>,  N  2 . 7  9% . 

Found  analysis:  C  55.177o,  H  7.407o,  N  2.78 7>. 

Dibucaine  methiodide  ,  m  .p  .  114.0-5.0  C,  yield  65.757o. 

Formula:  C23H32IN3O2 

Theoretical  analysis:  C  51.967,,  H  6.747,,  N  8.667,. 

Found  analysis:  C  52.027,,  H  6.67T>,  N  8.357,. 

Lidocaine  methiodide,  m.p.  151.5-2.0  C,  yield  71.984. 

Formula:  C15H25IN2O 

Theoretical  analysis:  C  47.887,,  H  6.707>,  N  7.414. 

Found  analysis:  C  48.157,,  H  6.777,,  N  7.234. 

Tetracaine  methiodide,  m.p.  146.5-8.0°C,  yield  74.054. 

Formula:  016^27^202 

Theoretical  analysis:  C  47.307,,  H  6.707,,  N  6.904. 

Found  analysis:  C  47.19%,  H  6.687,,  N  6.954. 

Dime thisoquin  methiodide,  m.p.  182.5-3.5  C,  yield  39.124. 

Formula: 

Theoretical  analysis:  C  52.187,,  H  6.574,  N  6.764. 

Found  analysis:  C  52.317,,  H  6.754,  N  6.484. 

Benoximate  methiodide,  m.p.  139.5-40.5  C,  yield  81.164. 

Formula:  C18H31IN2O3 

Theoretical  analysis:  C  48.014,  H  6.944,  N  6.224. 

Found  analysis:  C  48.194,  H  7.014,  N  6.224. 

Proparacaine  methiodide,  m.p.  145.0-7.5  C,  yield  77.31/«. 

Formula:  C17H29IN2O3 

Theoretical  analysis:  C  46.797,,  H  6.707,,  N  6.427,. 

Found  analysis:  C  46.894,  H  6.454,  N  6.314. 
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B.  PREPARATION  OF  INFRARED  SPECTRA. 

Procedure :  Approximately  1  mg.  of  a  purified  derivative  (or  a  local 
anesthetic  recrystallized  from  methanol)  was  mixed  intimately  with  suf¬ 
ficient  dried  KBr  (infrared  quality)  to  make  a  300  mg.  powder  mixture  in 
a  steel  capsule  mounted  on  a  Wig-L-Bug  (129).  The  finely  pulverized 
powder  mixture  was  transferred  to  a  Beckman  rectangular-pellet  die  which 
was  then  evacuated  (vacuum  pump),  and  compressed  at  18,000  lbs./sq.in. 
in  a  Carver  laboratory  hydraulic  press.  After  several  minutes,  the 
vacuum  was  released,  and  the  infrared  spectrum  of  the  resulting  pellet 
was  recorded  from  2  to  16  microns  using  a  Beckman  IR-5A  infrared  spectro¬ 
photometer.  A  KBr  blank  pellet  prepared  at  the  same  time  was  placed  in 
the  reference  beam  to  compensate  for  any  initial  residual  traces  of  water 
in  the  KBr. 

C.  PREPARATION  OF  PHOTOMICROGRAPHS. 

Procedure :  The  general  method  of  Chatten  and  Levi  (129)  was  modified  as 
follows:  to  one  drop  of  a  0.25,  0.5,  or  1.0%  aqueous  solution  of  each  of 
the  local  anesthetic  salts  placed  on  a  microscope  slide,  one  drop  of  a 
reagent  solution  was  added,  mixed  well,  and  covered  with  a  cover  glass. 
The  time  required  for  characteristic  crystals  to  form  was  recorded  after 
which  a  photomicrograph  was  taken. 


RESULTS  AND  DISCUSSION 
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A.  DERIVAT1ZATI0N . 

One  of  the  most  reliable  methods  for  qualitatively  identifying  any 
given  compound  in  addition  to  determining  its  individual  specific  physical 
properties  is  der ivatizat ion ,  a  technique  which  has  been  utilized  with 
great  confidence  by  many  researchers  both  inside  and  outside  of  the  drug 
industry.  Indeed,  derivatization  has  provided  a  partial  solution  to  the 
problem  of  securing  reliable  reference  data  for  the  characterization  of 
ten  of  the  more  commonly  used  local  anesthetics.  Because  of  the  struc¬ 
tural  similarity  of  these  compounds,  the  formation  of  the  various 
derivatives  will  be  represented  by  generalized  equations  in  which  R^N • 


and 


r3nh 


will  refer  to  the  free  and  protonated  local  anesthetic  base 
respectively.  One  of  the  "R"  substituents  may  in  certain  instances  be 
replaced  by  a  hydrogen  atom. 

1)  Styphnates 

The  formation 

general  equation:  + 


of  the  styphnates  may  be  expressed  by  the  following 


OH 


[r3nh] 


+. 


Cl  + 


+  HC1 


As  previously  indicated,  both  the  elemental  analyses  and  nonaqueous 
titrations  verified  that,  in  each  instance,  the  1:1  derivative  was  formed. 

A  review  of  the  literature  has  revealed  that  relatively  few  styphnates 
have  been  reported  for  these  compounds.  Those  which  have  been  published, 
together  with  the  styphnates  prepared  in  this  investigation  are  tabulated 
in  Table  II.  Generally,  the  styphnates  proved  to  be  highly  desirable 
derivatives  for  characterizing  the  local  anesthetics.  They  were  relatively 
easily  prepared  and  purified  after  two  or  three  recrystalizations ,  and  had 


Table  II.  Styphnate  Derivatives 
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melting  ranges  which  did  not  overlap. 

Brands tatter-Kuhnert  and  Grimm  (72)  could  not  prepare  crystalline 
dibucaine  styphnate.  In  the  present  work,  it  was  necessary  to  evaporate 
the  reaction  mixture  to  approximately  one-half  of  its  original  volume  and 
then  refrigerate  after  which  crystals  separated  with  scratching.  Dibucaine 
styphnate  was  recrystallized  readily  from  ethanol  (95%),  and  melted  sharply 
(109. 5-110. 5°C) . 


The  two  anomalous  derivatives  were  benoxinate  and  proparacaine 
"s typhnates" .  Both  parent  compounds  are  structurally  similar,  the  former 
being  2 -diethy laminoethy 1  4-amino-3-n-butoxybenzoate  hydrochloride,  and 
the  latter  being  2 -diethy laminoethy l-3-amino-4-n-propoxybenzoate  hydro¬ 
chloride.  By  the  procedures  used  in  this  investigation,  it  was  not  possible 
to  prepare  benoxinate  styphnate  as  a  well  defined  crystalline  derivative 
from  either  absolute  methanol  or  ethanol  ( 95%) ,  with  or  without  the  aid  of 
water.  After  evaporating  the  reaction  mixture  to  one-half  volume  and 
cooling  overnight  in  a  refrigerator,  one  attempt  resulted  in  the  precipit¬ 
ation  of  a  mixture  of  pale  orange  and  scarlet  hard  globular  masses.  Another 
attempt  resulted  in  a  yellowish  product  (m.p.  92.0-95.0  C)  after  recrystal¬ 
lizing  from  absolute  methanol  which  on  elemental  analysis  proved  to  be 
impure.  The  derivative  reported  (Table  II)  was  prepared  in  ethanol  (95%) 
and  precipitated  from  the  reaction  mixture  by  adding  water  and  cooling  to 
yield  a  bright  orange  crystalline  product  (m.p.  74.0-76.5  C)  after  recrys¬ 
tallization  from  aqueous  ethanol.  Theoretical  analysis  (calculated  for 
C23H31N5°ll)  :  C  ^9-9lC/o>  H  5.65%,  N  12.65%.  Found:  C  48.12%,  H  5.31%,  N  13.10% 
Similar  results  were  noted  for  proparacaine.  The  styphnate  of  the  latter 


compound  was  more  easily  prepared  than  benoxinate  styphnate  .  It  separated 
almost  immediately  on  cooling  from  the  reaction  mixture  as  hard,  well  defined 
bright  yellow  crystalline  globular  hemispheres.  After  six  recrystallizations 
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from  ethanol  (95%),  the  melting  range  was  still  consistantly  broad  (151.0- 
158. 0°C).  Theoretical  analysis  (calculated  for  C22H29N5°ll) :  c  48.98%, 

H  5 . 427o ,  N  12 . 98% .  Found:  C  46.797.,  H  5.437.,  N  12. 857. .  Again,  the  carbon 
content  was  low,  in  this  instance  by  2.197..  Physical  examination  supported 
the  conclusion  that  this  compound  was  impure  or  poorly  defined  chemically. 

It  was  concluded,  therefore,  that  these  two  local  anesthetics 
precipitated  not  as  well  defined  derivatives,  but  as  mixtures  containing 
the  local  anesthetic  and  styphnate  moieties  in  varying  stoichiometric 
ratios.  It  is  therefore  not  recommended  that  these  local  anesthetics  be 
characterized  as  their  respective  styphnates  in  spite  of  the  fact  that  the 
broad  melting  range  of  proparacaine  "styphnate"  is  reproducible. 

Interestingly,  proparacaine  picrate  has  been  reported  by  Koehler  and 
Feldmann  (62).  As  proof  of  the  compound,  they  reported  only  the  found 
nitrogen  analysis  of  12.867.  as  compared  to  the  calculated  nitrogen  content 
of  13.337,.  The  discrepancy  (0.477.)  is  well  outside  the  limits  generally 
permitted  for  an  analysis  of  this  nature.  Also,  had  they  determined  the 
carbon  content,  a  low  analysis  might  very  well  have  been  observed,  as  it 
was  with  proparacaine  styphnate. 

2)  Reineckates 

The  metathetical  reaction  of  amine  salts  in  aqueous  solution  with 
ammonium  reineckate  has  been  utilized  to  prepare  the  reineckates  of  numerous 
organic  bases  having  both  pharmaceutical  application  (77,131,132,133,134), 
and  non- pharmaceut ica 1  application  (135,136).  The  general  equation  for  the 
reaction  is  (133): 


R3NH 


Cl  +  NH 


4 


Cr(NH3)2(SC.N)4 


R3NH 

+ " 

_  _ 

L 

Cr(NH3)(SCN)4 


+  nh4ci 


The  reineckates  prepared  are  presented  in  Table  III. 

Under  the  weakly  acidic  conditions  used  (pH  5-6),  the  monoreineckates 
were  formed  as  anticipated.  This  was  substantiated  by  near  quantitative 


. 


-47- 


Table  III.  Reineckate  Derivatives 


Reineckate 

Color 

Melting  Point 
°C  (corr ,) 

Combustion  Assay 

Recovery  Molecular 

7oCr  Calculated 

Data 

Weight 

F  ound 

Cyc lomethyca ine 

PM 

152.0-155.0 

(D) 

99.41 

678.92 

674.91 

Dibucaine 

PM 

102.0-104.0 

(D) 

99.65 

662.88 

660.56 

Lidocaine 

PM 

179.0-181.5 

(D) 

100.40 

553.75 

555.97 

Tetracaine 

M 

139.5-144.0 

(D) 

98.86 

583.78 

577 . 13 

Dimethisoquin 

M 

137 .5-140.5 

(D) 

101.25 

591.81 

599.21 

Naepaine 

PM 

157 .5-159.0 

(D) 

99.63 

569.75 

567.64 

Butethamine 

M 

155.0-156.5 

(D) 

99.31 

555.73 

551.90 

Hexy lea ine 

PRR 

145.0-147.5 

(D) 

99 . 13 

580.77 

575.72 

Benoxinate 

RR 

129.0-132.0 

(D) 

98.82 

627  .83 

620.42 

Proparacaine 

PM 

138.0-140.0 

(D) 

98.74 

613.80 

606.07 

Abbreviations:  D  =  decomposition;  M  =  mauve;  PM  =  purplish  mauve; 
RR  =  raspberry  red;  PRR  -  pinkish  respberry  red. 


recoveries  of  chromium  calculated  as  C^O^CTable  III),  and  by  satisfactory 
carbon,  hydrogen,  and  nitrogen  analyses.  According  to  Lee  (77,132),  dibasic 
molecules  such  as  proparacaine ,  benoxinate,  naepaine,  and  butethamine  will 
form  the  direineckate  derivatives,  but  only  in  relatively  strongly  acidic 
conditions.  However,  it  is  not  recommended  that  the  direineckate  of  these 
compounds  be  prepared  for  identification  purposes  because  of  the  nature  of 
these  compounds  and  the  possibility  of  slight  hydrolysis  in  strongly  acidic 
conditions.  In  addition,  the  easily  prepared  mono-derivative  has  proven 
to  be  entirely  satisfactory  for  characterization  purposes. 

Kraus z  and  Kovacs  (135)  have  prepared  the  reineckates  for  several 
pharmaceutical  and  non- pharmaceutical  bases,  and  offered  the  general  form¬ 


ulation  , 


Cr(NH3)2(SCN)4 


B‘  nH?0,  where  "B"  denotes  a  molecule  of  organic 
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base,  as  representative  of  the  products  obtained.  In  every  instance,  the 
local  anesthetics  studied  formed  the  anhydrous  derivative.  They  determined 
their  derivatives  gravimetrically ,  as  did  Aycock,  et_  al.  (136). 

It  has  been  reported  that  excessive  heat  will  decompose  reineckates 
(77,136);  for  this  reason,  the  derivatives  prepared  in  this  study  were 
recrystallized  at  room  temperature  in  acetone/ethanol/water.  Usually  after 
two  recrystallizations,  satisfactory  elemental  analyses  were  obtained. 

In  conformity  with  the  findings  of  Aycock,  e_t  al.  (136),  reasonably 
sharp  decomposition  ranges  were  observed.  These  ranges  were  from  100 
to  180*C ,  and  in  many  instances  melting  to  a  clear  red  liquid  just  prior 
to  decomposition  was  noted.  Some  overlap  in  the  melting  ranges  was  evident, 
necessitating  the  preparation  of  other  derivatives  for  positive  identifi¬ 
cation  . 

3)  Tetraphenylborates 

The  formation  of  TPB's  from  local  anesthetic  salts  proceeded  in 
accordance  with  the  equation  (70): 

^R3NhJ+C1"  +  Na+^B(C6H5)4J  - - ►  [R3NH]+[B(C6H5U]  +  NaC1 

TPB's  of  several  of  the  local  anesthetics  included  in  this  study  have  been 
reported,  and  are  listed  for  comparison  with  the  observed  melting  or  decom¬ 
position  points  in  Table  IV. 

The  reaction  is  instantaneous,  and  the  elemental  analyses  and  non- 
aqueous  titrations  performed  on  the  resulting  derivatives  after  purification 
indicated  that,  in  every  instance,  the  monoderivative  had  formed  in  accordance 
with  the  findings  of  Koehler  and  Feldmann  (62)  and  Chatten,  e t  a  1 .  (70) . 
Generally,  organic  TPB's  are  prepared  from  pH  2  to  6  and  at  temperatures 
of  20  to  70*C  (83),  with  complete  precipitation  usually  within  five  minutes. 
Since  aqueous  solutions  of  the  local  anesthetic  salts  were  used,  initial 

factor  to  be  considered.  The  pH  of  these  solutions 


protonation  was  not  a 
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ranged  from  4  to  6 .  In  contrast  citrate  buffer  solutions  (pH  3.6)  have 
been  used  as  vehicles  for  preparing  these  derivatives  (70) ,  while  in 
another  study  (62)  ,  the  initial  aqueous  local  anesthetic  solution  or  acid 
extract  was  further  acidified  with  6N  HC1  prior  to  the  addition  of  the 
reagent.  Thus,  the.  only  apparent  requirement  for  the  preparation  of  TPB's 
of  nitrogenous  organic  bases  is  that  the  solution  must  be  sufficiently 
acidic  to  ensure  the  initial  complete  protonation  of  the  base. 

The  quantitative  yields  usually  expected  from  this  reaction  were 
not  consistently  achieved  si~:e  analytically  quantitative  procedures  were 
not  employed.  However,  highly  acceptable  yields  were  recorded  generally 
(73%  to  99.93%.)  .  Another  factor  which  may  conceivably  account  for  these 
recoveries  would  be  the  effective  concentration  of  the  cationic  form  of 
the  base  (132). 


+ 


+  H20  %  ■■■>..  H30  +  R3N: 


This  equilibrium  would  obviously  depend  upon  the  relative  strength  of  the 
organic  base  and  the  pH  of  the  reaction  media. 

The  solution  of  sodium  tetraphyny lborate  should  be  freshly  prepared, 
since  it  undergoes  spontaneous  decomposition  upon  standing,  becoming 
increasingly  turbid,  and  developing  a  strong  phenolic  odor.  The  mechanism 
of  this  decomposition  had  not  been  fully  elucidated  as  recently  as  1960 
(137).  The  aqueous  solution  is  definitely  acidic  (pH  ca_.  5),  which  appar¬ 
ently  is  a  critical  factor  affecting  staoility  according  to  Wittig,  e t  a_l. 
(65> ,  His  suggestion  was  that  the  tetrapheny lborate  anion,  in  the  presence 
of  acid  and  water  will  decompose  to  benzene  and  mono-  and  diphenyl  boric 
acid  through  the  unstable  intermediate,  tetrapheny lboric  acid  as  follows: 


B(C6h5)  +  H 


+ 


HB(C6H5)4 


>-  B(C6H5)3  +  C6H6 
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F laschka  and  Barnard  (137)  state  that  the  pH  should  be  maintained  above  7 
for  maximum  stability,  while  Cooper  recommends  pH  5  (38) .  In  view  of  this 
apparent  instability  in  aqueous  solution,  the  reagent  solution  was  freshly 
prepared  immediately  prior  to  use  in  this  work. 

It  has  been  stated  that  TPB's  are  sufficiently  pure  without  further 
recrystallization  for  identification  purposes  (66,70).  An  analysis  of  the 
experimental  results  obtained  in  this  project  has  shown  this  to  be  only 
partially  true.  In  this  instance,  it  was  desirable  that  the  derivatives 
be  recrystallized  since  infrared  spectra  were  to  be  taken,  and  well  defined 
crystalline  products  would  be  superior  to  the  amorphous  precipitate  which 
was  initially  precipitated. 

Several  solvent  systems  for  recrystallizing  these  compounds  have  been 
recommended  such  as  methanol /water  and  acetone /water  (66)  ,  and  acetone/ 
dioxane  (1:1)  and  water  (62).  Because  several  local  anesthetic  and  alka- 
loidal  TPB's  have  shown  apparent  lability  when  heated  in  such  solvents 
(66,139),  the  majority  of  the  derivatives  were  recrystallized  at  room 
temperature  to  circumvent  this  difficulty.  In  relation  to  these  findings, 
it  has  been  observed  that  sodium  or  potassium  tetrapheny lborate ,  when 
subjected  to  prolonged  heating  in  aqueous  cellosolve,  decompose  to  benzene, 
phenol,  diphenyl  boric  acid,  and  acetaldehyde  (140).  Butethamine  TPB  could 
not  be  recrystallized  from  any  of  the  solvent  systems  which  were  otherwise 
satisfactory  for  the  remaining  derivatives  (Table  IV)  .  When  titrated  in 
nonaqueous  media,  quantitative  recoveries  were  possible  in  all  instances 
with  the  exception  of  butethamine  TPB.  For  this  compound,  the  purity  was 
cons  is tant ly  low  (averaging  97.65%).  This  is  in  partial  agreement  with 
the  observation  by  other  workers  (70)  who  were  unable  to  obtain  reproduc¬ 
ible  recoveries  with  this  derivative.  In  both  laboratories,  the  procedures 
employed  were  identical.  Butethamine  TPB  underwent  an  anomalous  decomposition 
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to  a  highly  viscous  amber  colored  oil  having  a  sweet  benzene-like  phenolic 
odor  after  standing  approxima.te.ly  two  weeks.  Similar  observations  have 
been  noted  for  butacaine.  TPB  which  evidently  is  prone  to  excessive  clumping 
and  secondary  formation  of  hard  amber  lumps  (70)  .  Also,  recoveries  by 
titration  were  erratic.  A  partial  explanation  for  these  observations  seems 
to  be  in  the  report  by  Razuvaev  (140)  that  prolonged  exposure  of  potassium 
TPB  (in  chloroform)  to  a  strong  light  source  causes  photodecomposition  to 
KC1,  benzene,  diphenyl,  and  phenol.  By  direct  analogy,  these  two  deriva¬ 
tives  may  have  decomposed  to  the  local  anesthetic  hydrochloride,  benzene, 
diphenyl,  and  phenol. 

Many  of  the  TPB's  melted  with  decomposition,  but  the  ranges  were 
sufficiently  sharp  and  reproducible  for  qualitative  identification.  As 
is  immediately  apparent  from  Table  IV,  the  observed  melting  points  differ 
radically  from  those  reported  in  the  literature.  It  may  be  significant 
that,  in  general,  the  observed  melting  points  were  higher  than  those 
reported  by  Chatten,  et  al.  (70),  and  lower  than  those  reported  by  Koehler 
and  Feldmann  (62).  As  previously  outlined,  differing  precipitation  media 
were  employed  in  these  studies  which  were  in  turn  different  from  that  used 
in  this  investigation.  Also,  each  TPB  prepared  in  this  work,  with  the 
exception  of  butethamine  TPB,  was  recrystallized  in  direct  contrast  to  those 
reported  by  the  aforementioned  workers.  Had  those  compounds  been  recrystal¬ 
lized,  the  melting  points  might  have  shown  better  agreement.  That  such 
discrepancies  in  the  melting  points  for  these  compounds  are  evident  does 
not  invalidate  them  as  reliable  derivatives  since  they  are  entirely  reprod¬ 
ucible  when  prepared  and  purified  according  to  the  conditions  previously 
outlined.  A  probable  partial  explanation  for  this  wide  discrepancy  is  that 
these  compounds,  depending  upon  the  conditions  of  the  initial  precipitation 
and  purification,  may  exhibit  polymorphism,  a  common  phenomenon  among  organic 
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Dibas ic : 

+  HC1 

While  chloroplatinic  acid  has  been  used  to  characterize  a  few  local  anes¬ 
thetics,  none  of  those  included  in  the  present  series  have  been  reported. 
The  chloroplatinates  for  these  compounds  are  therefore  presented  for  the 
first  time  in  Table  V. 


Table  V.  Chloroplat inate  Derivatives 


Chloroplat inate 

Color 

Melting  Point 
°C  (corr.) 

Type  of  Derivative 
(Base : Reagent) 

Cyc lome thy caine 

PO 

86.0-  91.0  (b) 

2:1 

Dibucaine 

PO 

169.5-171.5  (c) 

2:1 

Lidocaine 

0 

193.0-197 .0  (D) (c) 

2:1 

Tetracaine 

PO 

128.5-130.5  (D) (b) 

2:1 

Dimethisoquin 

PO 

145.5-149.0  (c) 

2:1 

Naepaine 

PO 

210.5-215.0  (D) (a) 

1:1 

Butethamine 

PO 

210.5-215.0  (D) (a) 

1:1 

Hexy lcaine 

0 

84.0-  88.0  (b) 

2:1 

Benoxinate 

PO 

186.0-189.0  (D) (a) 

1:1 

Proparacaine 

PO 

195.5-198.5  (D) (a) 

1: 1 

Abbreviations:  D  = 

(a)  Prepared  in  and 

(b)  Prepared  in  and 

(c)  Recrystallized 

decomposition;  0  =  orange;  PO  = 
washed  well  with  cold  methanol, 
washed  well  with  cold  water, 
from  ethanol  (957>)  . 

pale  orange. 

Generally,  an  aqueous  solution  of  the  acid  salt  of  a  local  anesthetic, 
when  mixed  with  an  aqueous  solution  of  chloroplatinic  acid,  yields  a  well 
defined  sparingly  soluble  chloroplat inate .  Certain  of  these  salts  tend  to 
decompose  on  heating,  but  the  points  of  decomposition  are  reproducible  and 
occur  within  a  desirable  temperature  range  (approximately  84  to  200°C) . 


r 

-H- 

h2nrr2nh 

Cl  +  h2  PtCl6 

- >- 

h3nrr2nh 

Ptci6 
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The  major  disadvantage  in  preparing  the  chloroplatinates  for  identification 
purposes  was  that  they  were  not  all  preparable  by  a  standard  procedure  from 
aqueous  solution.  Purification  was  also  a  problem,  since  several  derivatives 
were  adaptable  to  purification  by  recrystallization,  while  others,  being 
poorly  soluble,  were  thoroughly  washed. 

Six  of  the  ten  local  anesthetics  derivatized  with  chloroplat inic  acid 
were,  however,  successfully  prepared  in  aqueous  media.  Three  of  these 
chloroplatinates  (dibucaine,  lidocaine,  and  dimethisoquin)  could  be  recrys¬ 
tallized  as  well  defined  crystals  from  ethanol  (95%) .  The  remaining  three 
chloroplatinates  (eye lome thy caine ,  tetracaine,  and  hexylcaine)  were  purified 
by  washing  the  initial  finely  crystalline  precipitate  well  with  cold  water 
since  they  were  not  readily  recrystallized  from  either  absolute  or  aqueous 
methanol,  95%,  ethanol,  or  aqueous  ethanol. 

As  expected,  the  four  dibasic  local  anesthetics  (naepaine,  butethamine, 
benoxinate,  and  proparacaine)  precipitated  as  the  monochloroplatinates  (i.e., 
1:1  salts).  These  compounds  decomposed  in  hot  epichlorhydr in ,  were  only 
slightly  soluble  in  absolute  methanol,  and  practically  insoluble  in  ethanol 
(95%) .  Because  of  this  limited  solubility,  these  compounds  were  first  pre¬ 
pared  from  aqueous  solutions,  as  stated  in  the  general  procedure,  and 
purified  by  washing  well  with  water.  Several  anomalous  properties  were 
observed  under  these  conditions,  the  most  immediately  obvious  one  being 
their  lack  of  the  characteristic  orange  shade.  The  colors  ranged  from  grey 
through  pale  orange.  Elemental  analyses  indicated  that  these  were  1.1  salts, 
but  apparently  impure.  Benoxinate  "ch loroplatinate  precipitated  as  a  dark 
amber  lumpy  mass  which,  when  collected  on  filter  paper,  decomposed  to  an 
oil  of  the  same  color  and  eventually  hardened.  Ihe  proparacaine  derivative 
precipitated  as  a  pale  orange  solid  (m.p.  193.0-197.0*0).  When  washed  well 
with  water,  the  color  changed  t.o  dull  bull  (m.p.  193.5-197.5  C)  .  The  mixed 
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melting  point  of  the  crude  and  washed  derivative  was  192.5-5.5*0. 

Therefore,  in  view  of  these  undesirable  characteristics  under  aqueous 
conditions,  these  compounds  were  prepared  from  absolute  methanol  and  purified 
by  washing  well  with  the  same  solvent  (cold) .  Excellent  results  were  ob¬ 
tained:  the  elemental  analyses  indicated  that  the  compounds  were  1:1  salts, 
their  respective  colors  were  as  anticipated  (Table  V) ,  and  their  melting 
and  decomposition  points  were  satisfactory.  Proparacaine ,  naepaine,  and 
benoxinate  chloroplatinat.es  separated  as  fine  crystalline  precipitates 
initially.  Butethamine  ch loroplatinate  failed  to  precipitate  immediately, 
but  upon  chilling,  needle-like  crystals  formed  in  comparatively  low  yield 
(40.157o).  The  melting  ranges  of  the  derivatives  prepared  from  water  and 
absolute  methanol  were  comparable  for  proparacaine  and  naepaine  (193.5-197.5 
*C  cf.  195. 5-198. 5*0  and  208.0-212.0*0  cf.  210.5-215.0*0  respectively). 

5)  Methiodides 

The  reaction  for  the  preparation  of  the  methiodides  in  accordance  with 
the  procedure  used  can  be  expressed  as  follows: 


In  each  instance,  the  elemental  analyses  were  satisfactory  indicating  the 
formation  of  well  defined  1:1  tetraalkylammonium  salts. 


Table  VI.  Methiodide  Derivatives 


Melting  Point ,  °  C 


Methiodide 


Found  (corr.)  Literature 


Cyc lomethycaine 


180.5-184.5  (a) 


Dibucaine 


114.0-115.0  (b)  114  (142) 


Lidocaine 


151.5-152.0  (a) 


Tetracaine 


146.5-148.0  (a) 


Dimethisoquin 


182.5-183.5  (a) 


Benoxinate 


139.5-140.5  (a) 
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Table  VI.  -  Continued 


_ Melting  Point,  °C _ 

Methiodide  Found  (corr.)  Literature 


Proparacaine 


145.0-147.5  (a) 


(a)  Recrystallized  from  isopropanol. 

(b)  Recrystallized  from  acetone/ether. 


The  methiodides  were  white  crystalline  compounds,  and  as  indicated 
in  the  foregoing  table,  have  relatively  sharp  melting  points.  This  fact, 
in  addition  to  their  facile  preparation  and  purification,  render  them 
satisfactory  as  characterizing  derivatives  for  those  local  anesthetics 
studied . 

6)  Hydrochlorides 

Although  the  hydrochloride  salts  which  were  used  throughout  this  work 
were  not  prepared  as  derivatives,  they  are,  nevertheless,  useful  as  such. 
Procedures  for  the  isolation  and  purification  of  local  anesthetics  from 
both  their  dosage  forms  and  from  biological  fluids  have  been  described  in 
detail  by  Koehler  and  Feldmann  (62)  and  Hucknall  and  Turfitt  (54)  respec¬ 
tively.  The  former  used  only  dilute  hydrochloric  acid  extracts  and  aqueous 
injectable  solutions  for  der ivatization ,  while  the  latter  actually  isolated 
the  hydrochloride  salts  for  the  purpose  of  determining  their  melting  points 
and  mixed  melting  points  with  reference  standards.  In  this  investigation, 
these  salts  were  recrystallized  from  absolute  methanol/ether,  and  the 
melting  points  compared  favorably  with  those  published  in  the  various 
official  compendia  and  the  literature  (Table  VII). 

When  investigating  organic  substances  under  magnification,  polymorphism, 
in  the  range  of  0°  to  the  melting  point,  often  occurs  (142).  This  phenomenon 
has  been  observed  with  various  sex  hormones  (143),  barbiturates  (144),  and 
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Table  VII. 

Melting  Point 

s  of  the  Local  Anesthetics 

Local  Anesthetic  Salt 

Melting  Point ,  0  C 

As  Received* 

Recrystallized* 

Literature 

Cyc lomethycaine  H2SO4 

160.5-162.5 

160.5-162.0 

162 .5-165.5 

(21) 

Dibucaine  HC1 

97.5-  99.5 

98.0-100.0 

97  -100 

(55) 

Lidocaine  HCl'l^O 

72.0-  74.0 

69.0-  71.0 

76  -  79 

(21) 

Tetracaine  HC1 

147.0-148.0 

147.0-148.5 

147  -150 

(21) 

Dimethisoquin  HC1 

145.5-147 .5 

147.0-148.0 

144  -148 

(24) 

Naepaine  HC1 

176.5-177 .0 

I.  154.5-155.5 

153.5  or  176 

(28) 

II.  176.5-177.5 

177  -178 

(70) 

Butethamine  HC1 

192.5-194.5 

195.0-196.5 

193.9-194.6 

(70) 

192  -196 

(28) 

Hexylcaine  HC1 

179.5-181.5 

179.5-182.0 

182  -184 

(24) 

Benoxinate  HC1 

155.5-157 .0 

158.0-159.5 

157  -160 

(28) 

Proparacaine  HC1 

182.5-183.5 

183.5-184.5 

•  •  • 

*  Corrected  melting  point. 


several  local  anesthetics,  notably  naepaine  hydrochloride  (28),  and  both 
tetracaine  base  (57)  and  its  hydrochloride  salt  (55,145). 

7 )  Unsuccessful  Derivatives 

During  the  course  of  this  investigation,  several  other  derivatives, 
in  addition  to  those  previously  discussed,  were  attempted.  para  Nitrobenzoyl 
chloride  and  related  reagents  have  been  used  to  characterize  a  series  of 
sympathomimetic  amines  (129)  so  it  was  thought  that  this  reagent,  and  possibly 
other  similar  ones  could  be  applied  for  the  derivatization  of  the  local  anes¬ 
thetics.  Subsequently,  the  3 ,5-dinitrobenzamides ,  £-nitrobenzamides ,  and 
benzenesulf onamides  were  attempted  for  those  local  anesthetics  having  primary 
and  secondary  amino  groups . 

In  general,  these  reagents  proved  to  be  unsatisfactory  for  characteriz- 
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ing  these  particular  compounds .  When  prepared  via  the  Schot ten -Baumann 
reaction  in  accordance  with  the  procedure  as  out  lined  by  Wild  (128),  the 
ester  linkage  of  the  local  anesthetics  evidently  hydrolyzed,  since  the 
melting  points  of  the  derivatives  prepared  in  this  manner  differed  from 
those  prepared  using  pyridine  in  lieu  of  the  sodium  hydroxide.  Also  the 
yield,  in  most  instances,  was  low  and  most  benzamides  sublimed  at  high  tem¬ 
peratures  (above  200*0)  before  melting.  N-subst ituted  £-nitrobenzamides 
and  3 ,5-dinitrobenzamides ,  according  to  Cheronis  and  Entrikin  (130),  usually 
melt  above  200*0  and  therefore  are  not  recommended  when  other  more  suitable 
derivatives  can  be  prepared.  In  the  light  of  these  observations,  only  those 
reagents  which  might  derivatize  primary,  secondary,  and  tertiary  amines  were 
then  considered. 

The  benzoates  and  sulfonates  thus  seemed  to  be  logical  derivatives  to 
attempt  since  both  methyl  £-toluenesulf onates  (147)  and  3 ,5-dinitrobenzoates 
(148)  have  been  prepared  for  many  amino-type  compounds.  It  was  noted  that 
these  derivatives  frequently  crystallized  only  with  difficulty,  if  at  all. 
This  was  especially  true  with  the  methyl  £- toluenesulf onates ,  in  agreement 
with  the  observations  of  Marvel,  e_t  a_l.  (146).  Failure  to  crystallize  was 
the  major  reason  for  discarding  this  derivative. 

The  3 ,5-dinitrobenzoates  were  prepared  for  several  of  the  local  anes¬ 
thetics,  but  others  either  would  not  crystallize  readily,  or  failed  to  give 
easily  crystallizable  products  in  workable  yields.  Therefore,  these  deriva¬ 
tives  too  were  discarded  in  favor  of  those  already  discussed. 

B.  INFRARED  SPECTROSCOPY. 

In  addition  to  the  preparation  of  derivatives  and  the  determination  of 
their  attendant  melting  points,  it  was  believed  that  the  infrared  spectia 
of  these  compounds  would  constitute  valuable  additional  convenient  parameteis 
for  differentiating  the  local  anesthetics. 
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Since  its  introduction  in  1952  by  Stimson  and  O'Donnell  (149)  and 
Schiedt  (150),  the  potassium  bromide  disc  technique  has  enjoyed  extensive 
usage  in  the  fields  of  both  quantitative  and  qualitative  analysis.  Its 
application  to  the  qualitative  identification  of  drugs  used  in  pharma¬ 
ceuticals  is  attested  to  by  its  inclusion  in  pharmaceutical  compendia 
(22,23)  and  literature  (151,152). 

The  spectra*  were  found  to  be  completely  reproducible  when  prepared 
with  dry  potassium  bromide  according  to  the  procedure  previously  outlined 
(p.  41).  For  each  spectrum  to  be  presented,  the  shaking  and  pressing  times 
will  be  included. 

Although  clear  blank  potassium  bromide  pellets,  when  scanned  in  the 
2-16  micron  region  showed  negligible  absorption  in  the  3500  and  1650  cm.*1 
regions  (OH  stretching  and  H—0—  H  bending  vibrations),  a  blank  pellet  in 
the  reference  beam  was  used  to  compensate  for  possible  traces  of  absorbed 
moisture  from  the  atmosphere. 

1)  Styphnates 

In  every  instance,  with  the  exception  of  proparacair.e  styphnate,  the 
optimum  concentration  of  the  derivative  in  the  potassium  bromide  pellets 
was  0.47,.  For  the  latter  derivative,  the  concentration  was  0.37..  All 
samples  were  shaken  for  twenty  seconds  in  the  amalgamator  and  pressed  for 
three  minutes  with  the  exception  of  dimethisoquin  styphnate  which  was  sub¬ 
jected  to  four  minutes  pressure. 

These  spectra  (Figure  3)  exhibit  numerous  common  bands,  in  keeping 
with  their  structural  similarity.  Weak  to  medium  absorption  bands 

*  The  Interpretation  of  all  spectra  was  based  upon: 

Nakanishi,  K.  ,  "Infrared  Absorption  Spectroscopy,"  2nd  Edition,  Holden- 
Day,  Inc.,  San  Francisco,  1964. 

L.J.  Bellamy,  "The  Infra-red  Spectra  of  Complex  Molecules,"  2nd  Edition, 
John  Wiley  &  Sons,  Inc.,  New  York,  1959. 
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Proparacaine  Styphnate,  2-diethy laminoethy 1  3-amino-4-n-propoxybenzoate 
styphnate . 

Cyc lome thy caine  Styphnate,  3-(2-methylpiperidino) -propyl  £-cyc lohexy loxy- 
benzoate  styphnate. 

Dibucaine  Styphnate,  2-n-butoxy-N- (2-diethy laminoethy 1)  cinchon inamide 
styphnate . 

Lidocaine  Styphnate,  2-diethy lamino-2^6-acetoxy lidide  styphnate. 

Tetracaine  Styphnate,  2 - dime thy laminoethy 1  £-n-buty laminobenzoate  styphnate 

Figure  3.  Infrared  spectra  of  the  styphnates. 

throughout  the  3450-3120  cm.  ^  region  due  to  NH  stretching  vibrations  and 
strongly  hydrogen  bonded  OH  stretching  in  the  lower  frequency  side  and 
medium  absorption  throughout  the  3050-2850  cm.  ^  aromatic  and  aliphatic  CH 
stretching  region  is  common  to  all  spectra.  Multiple  or  broad  bands  in  the 
2700-2250  cm."^  region  due  to  NH+  stretching  vibrations,  overtones,  and 
combinations  are  also  present.  Strong  carbonyl  stretching  ca.  1700  cm.  1 
from  the  ester  and  amide  linkages,  displaced  as  a  result  of  the  structure 
of  the  parent  compounds  and  derivat ization ,  is  obvious.  Strong  C  =  C  skel¬ 
etal  in-plane  phenyl  ring  vibrations  ca.  1600  and  1500  cm.  ,  usually  in 
combination  with  a  strong  band  ca.  1580  cm.  ^  as  a  result  of  aromatic  con¬ 
jugation  with  the  carbonyl  groups,  is  noted.  Medium  to  strong  aromatic  and 
aliphatic  C— N  and  C— 0  stretching  bands  near  1265,  1175,  and  1160  cm.  1 
are  also  seen.  The  8-16  micron  region,  with  its  very  characteristic  CH  out 
of -plane  bending  bands  in  the  lower  frequencies  and  especially  the  8-10 
micron  region,  is  most  useful  for  differentiating  these  compounds. 

It  will  be  noted  that  the  spectrum  for  proparacaine  styphnate  has  been 
included  in  this  series  of  spectra  since  it  is  characteristic  and  reproduc¬ 
ible,  in  spite  of  the  broad  melting  range  and  unacceptable  carbon  analysis 


obtained  for  the  derivative. 
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Dimeth  isoquin  Styphnate,  3-butyl- 1- (2 - dime thy laminoethoxy)  isoquinoline 
s typhnate . 

Naepaine  Styphnate,  2-amylaminoethyl  £-aminobenzoate  styphnate. 

Butethamine  Styphnate.  2-isobuty laminoethy 1  £-aminobenzoate  styphnate. 
Hexylcaine  Styphnate,  1-cyc lohexy lamino-2-propylbenzoate  styphnate. 

^Figure  3  (continued)  .  Infrared  spectra  of  the  styphnates. 

2)  Re ineckates 

The  pellet  concentrations  of  the  reineckates  arbitrarily  found  to 
result  in  spectra  showing  good  resolution  varied  widely  as  follows:  benox- 
inate  and  cyclomethycaine ,  0 . 65% ;  dimethisoquin  and  naepaine,  0 . 8% ;  propar- 
acaine,  dibucaine,  tetracaine,  and  butethamine,  0.83%;  hexylcaine,  1.07«; 
lidocaine,  1.25%.  All  were  shaken  for  twenty  seconds  and  pressed  for  three 
minutes  with  the  exceptions  of  dimethisoquin  and  naepaine  which  were  sub¬ 
jected  to  four  minutes  pressure. 

In  general,  the  reineckate  spectra  (Figure  4)  are  less  detailed  than 
are  the  spectra  of  the  hydrochlorides  of  the  parent  compounds,  an  observa¬ 
tion  which  has  been  attributed  to  the  damping  effect  of  the  heavy  atoms  of 
the  inorganic  anion  (128).  Broad,  intense  bands  occur  throughout  the  3500- 
2500  cm.-1  and  700  cm."1  regions.  The  fact  that  such  absorption  was  also 
evident  in  the  spectrum  of  ammonium  reineckate  suggests  that  the  reineckate 
anion  is  largely  responsible  for  this.  A  broad,  intense  band  arising  from 
the  isothiocyanate  grouping  centering  on  2150  cm.  is  conspicuous  in  all 
the  spectra.  Carbonyl  absorption  ca.  1700  cm.  1  is  apparently  lowered 
from  the  expected  ester  carbonyl  absorption  frequencies  by  derivatizat ion 
and  is  frequently  slightly  broader  than  that  observed  in  the  corresponding 
mineral  acid  spectra.  Medium  to  strong  probably  aromatic  and  aliphatic 
C— N  and  C  — 0  stretching  bands  are  observed  ca.  1265  and  1170  cm 
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Benoxinate  Reineckate,  2-diethy laminoethy 1  4-amino-3-n-butoxybenzoate 
reineckate . 

Proparacaine  Reineckate,  2-diethy laminoethy 1  3-amino-4-n-propoxybenzoate 
reineckate . 

Cyc lomethycaine  Reineckate,  3" (2-methy lpiperidino) -propyl  £-cyc lohexy 1- 
oxybenzoate  reineckate. 

Dibucaine  Reineckate,  2-n-butoxy-N- (2-diethy laminoethy 1)  cinchoninamide 
reineckate . 

Lidocaine  Reineckate,  2-diethy lamino-2 ,6-acetoxylidide  reineckate. 

Figure  4.  Infrared  spectra  of  the  reineckates. 

8-10  micron  region  seems  to  be  specific  for  these  derivatives,  and  is  of 
value  for  their  qualitative  identification. 

3)  Tetrapheny lborates 

Positive  differentiation  of  the  TPB's  was  possible  with  pellet  con¬ 
centrations  of  0.75%.  However,  in  the  interest  of  greater  resolution, 
those  of  dimethisoquin  and  hexylcaine  tetrapheny lborates  were  0.9  and  1.0%, 
respectively.  Grinding  time  was  twenty  seconds  in  each  instance,  with  the 
pressing  time  varying  as  follows:  cyc lomethycaine ,  lidocaine,  dimethisoquin, 
naepaine,  and  hexylcaine  were  pressed  for  three  minutes;  proparacaine, 
dibucaine,  and  tetracaine,  four  minutes;  butethamine,  five  minutes;  benox- 
inate,  eight  minutes. 

In  the  spectrum  of  sodium  tetrapheny lborate ,  the  IPB  anion  exhibited 
characteristic  bands  due  to  the  monosubs tituted  phenyl  and  boron-aryl  groups 
(153),  with  two  intense  broad  bands  in  the  750-700  cm.  region  ( out -of -p lane 
CH  bending  vibrations  of  the  phenyl  groups) .  Upon  inspection  of  Figuie  5, 
medium  bands  in  the  3400-3300  cm.  range  are  characteristic  for  many  oi 
these  compounds  due  to  NH  stretching  vibrations.  Although  the  possibility 
exists,  it  is  not  thought  that  the  absorption  ca.  3400  cm.  1  in  the  spectra 
of  cyc lomethycaine  and  dimethisoquin  TPB  is  attributable  to  absorbed  water 
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Tetracaine  Reineckate,  2. -dime thy laminoethy 1  £-n-buty laminobenzoate 
reineckate . 

Dimethisoguin  Reineckate,  3-butyl- 1- (2-dimethy laminoethoxy)  isoquinoline 
reineckate . 

Naepaine  Reineckate,  2-amy laminoethy 1  £-aminobenzoate  reineckate. 

Butethamine  Reineckate,  2-isobutylaminoethyl  £-aminobenzoate  reineckate. 
Hexylcaine  Reineckate,  l-cyelohexylamino-2-propy lbenzoate  reineckate. 

^  Figure  4  (continued) .  Infrared  spectra  of  the  reineckates. 

or  water  of  crystallization  since  all  indications  are  that  these  compounds 
are  not  hygroscopic,  and  have  not  been  reported  as  such  in  the  literature 
to  date.  Elemental  analyses  have  confirmed  their  anhydrous  state.  Chatten, 
Pernarowski,  and  Levi  (70)  have  reported  similar  bands  for  local  anesthetic 
TPB's  around  3500  cm.”^  and  have  attributed  them  to  the  N — H  bond  estab¬ 
lishing  the  ionic  forces  of  attraction  between  the  organic  cation  and  the 
inorganic  anion.  Characteristic  aromatic  and  aliphatic  CH  stretching 
vibrations  are  found,  frequently  in  the  form  of  a  doublet  throughout  the 
3000  cm’^  region.  Medium  absorption  £a.  2750-2500  cm.  ^  is  characteristic 
in  the  spectra  of  the  mineral  acid  salts  of  these  local  anesthetics  (Figure 
7) ;  similar  absorption  is  absent  from  the  corresponding  TPB  spectra.  This 
phenomenon  has  been  observed  for  similar  local  anesthetic  TPB  s  and  inter¬ 
preted  as  evidence  for  the  metathetical  salt  forming  reaction  previously 
presented  (p.  48)  (70).  It  is  least  pronounced  in  the  spectra  of  cyclo- 
methycaine,  naepaine,  and  butethamine  hydrochlorides  and  their  tetraphenyl 
borates.  Strong  absorption  bands  near  1700  cm.  (carbonyl  stietching 
vibrations)  are  characteristic,  and  are  frequently  shifted  ca_.  25  cm. 
lower  in  relation  to  those  of  the  mineral  acid  salts  of  the  parent  compounds. 
Also,  these  bands  are  frequently  slightly  broader  and  may  be  split  or  have 
a  slight  shoulder  in  comparison  to  the  carbonyl  band  of  the  corresponding 
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Benoxinate  TPB,  2~diethylaminoethy 1  4-amino-3-n-butoxybenzoate  TPB . 

Proparacaine  TPB ,  2-diethy laminoe thy 1  3-amino-4-n-propoxybenzoate  TPB. 

Cyc lomethycaine  TPB,  3- (2-methy lpiperidino) -propyl  £-cyc lohexy loxybenzoate 
TPB. 

Dibucaine  TPB,  2-n-butoxy-N- (2-diethy laminoe thy 1)  cinchoninamide  TPB. 
Lidocaine  TPB,  2-diethy lamino-2^6-acetoxy lidide  TPB. 

^Figure  5.  Infrared  spectra  of  the  te trapheny lborates . 

mineral  acid  salts.  Bands  of  medium  to  strong  intensity  are  further 
evident  ca.  1265,  1180,  and  1150  cm.-1  and  may  be  attributable  to  aromatic 
and  aliphatic  C— N  and  C— 0  stretching. 

In  spite  of  these  common  characteristics,  the  spectra  are  sufficiently 
characteristic  to  enable  the  differentiation  of  the  TPB's,  especially  in 
the  8-16  micron  range.  The  spectra  of  tetracaine,  naepaine,  butethamine, 
and  dibucaine  TPB's  were  identical  with  those  published  by  Chatten,  et  al . 
(70). 

4)  Chloroplatinates 

While  quite  specific  for  the  respective  derivatives,  the  spectra  of 
chloroplatinates  in  several  instances  lacked  strong,  well  defined  bands 
in  the  "fingerprint"  region.  Pellet  concentrations  of  0.7j/o  resulted  in 
satisfactory  spectra  in  this  area  with  the  exception  of  three  compounds, 
those  of  benoxinate,  lidocaine,  and  dimethisoquin  were  0.9,  1.25,  and 
1.5%  respectively.  Higher  concentrations  resulted  in  the  appearance  of 
no  new  or  better  resolved  bands  in  the  10-16  micron  region  which  were  not 
present  in  the  spectra  derived  from  pellets  of  the  above  concentrations, 
usually  resolution  was  lost  in  the  6-10  micron  region.  All  potassium 
bromide  mixtures  were  ground  for  twenty  seconds  in  the  amalgamator  and 

obtained  after  pressing  for  one  minute.  The  proparacaine 
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Tetracaine  TPB,  2-dimethylaminoethy 1  £-n-buty laminobenzoate  TPB . 

Dimethisoguin  TPB ,  3-butyl-l-(2-dimethylaminoethoxy)  isoquinoline  TPB. 
Naepaine  TPB,  2-amylaminoethyl  £-aminobenzoate  TPB. 

Butethamine  TPB,  2- isobuty laminoethy 1  £-aminobenzoate  TPB. 

Hexylcaine  TPB,  l-cyclohexylamino-2-propylbenzoate  TPB. 

^Figure  5  (continued)  .  Infrared  spectra  of  the  tetrapheny  lborates . 

chloroplatinate  pellet  was  subjected  to  pressure  for  three  minutes. 

The  spectrum  of  chloroplatinic  acid  revealed  that  this  reagent  is 
transparent  in  the  infrared  region  (2-16  microns)  with  the  exception  of 
two  "water  bands"  of  medium  and  weak  intensities  at  3350  cm.  ^  and  1620 
cm.  respectively.  These  were  expected  since  the  reagent  contains  water 
of  crystallization.  The  chloroplatinate  derivatives  were,  however,  com¬ 
pletely  anhydrous  as  evidenced  by  the  elemental  analyses  and  their  infra¬ 
red  spectra.  Other  chloroplatinates  of  local  anesthetics  not  included 
in  the  present  series  are  also  anhydrous  (28) .  It  might  therefore  be 
expected  that  the  spectra  to  be  presented  should  be  identical  with  those 
of  the  parent  compound  mineral  acid  salts.  Gross  examination  has  shown 
this  to  be  only  partially  true.  The  spectra  are  similar,  but  it  should 
be  observed  that  several  bands  in  the  spectra  of  the  mineral  acid  salts 
are  slightly  to  severely  attenuated  or  are  completely  missing  in  the 
chloroplatinate  spectra.  These  differences  are  especially  noticable  in 
the  "fingerprint"  region  of  the  spectra  of  benoxinate,  proparacaine ,  lido- 
caine,  naepaine,  butethamine,  and  hexylcaine.  Probably  the  heavy  dense 
chloroplatinate  anion  is  responsible  for  this  damping  effect.  Two  compounds, 
tetracaine  and  dimethisoquin ,  have  nearly  identical  chloroplatinate  and 
hydrochloride  spectra  in  toto . 


Upon  examination  of  the  spectra  in  Figure  6,  the  absence  of  the  broad 
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Benoxinate  Chloroplat inate  ,  2-diethy laminoethy 1  4-amino-3-n-butoxyben- 
zoate  chloroplatinate. 

Proparacaine  Chloroplatinate  ,  2-diethy laminoethy 1  3-amino-4-n-propoxy- 
benzoate  chloroplatinate. 

Cyc lomethycaine  Chloroplatinate,  3- (2-methy lpiperidino) -propyl  £-cyclo- 
hexy loxybenzoate  chloroplatinate . 

Dibucaine  Chloroplatinate,  2-n-butoxy-N- (2-diethy laminoethy 1)  cinchonin- 
amide  chloroplatinate. 

Lidocaine  Chloroplatinate,  2-diethy lamino-2 ^6-acetoxy lidide  chloroplatin¬ 
ate  . 


^  Figure  6.  Infrared  spectra  o£  the  chloroplatinates . 

band  or  group  o^  relatively  sharp  bands  in  the  2750-2450  cm.  ^  region  so 
prominant  in  the  corresponding  mineral  acid  salt  spectra  (NH+  stretching 
vibrations,  overtones,  and  combinations)  is  immediately  evident.  In  its 
stead,  broad  absorption  in  the  3100-2300  cm.  ^  region  is  seen  as  a  result 
of  aromatic  and  aliphatic  CH  stretching  vibrations  in  the  higher  frequen¬ 
cies  and  NH+  stretching  vibrations,  overtones,  and  combinations  on  the 
lower  frequency  side.  A  medium  to  strong  absorption  band  £a.  300  cm. 
in  width  at  3450  cm.  ^  is  common  to  all  the  spectra  (present  as  a  shoulder 
in  the  spectrum  of  dibucaine  chloroplatinate) .  This  band  is  usually 
present  either  as  a  characteristic  doublet  or  singlet  in  the  spectra  of 
those  compounds  having  a  free  primary  or  secondary  amino  group,  but  with  the 
chloroplatinates,  these  characteristics  are  fused  into  one  relatively  broad 
band  at  the  same  frequency,  probably  because  these  groups  are  protonated. 
Although  the  possibility  that  this  "anomalous"  absorption  is  a  consequence 
of  absorbed  water  or  water  of  crystallization  cannot  be  entirely  discounted, 
these  compounds  are  not  hygroscopic  by  nature,  and  the  evidence  favors  the 
assignment  of  this  band  to  the  N — H  bonds  established  in  the  process  of 
salt  formation.  This  explanation  is  based  in  part  upon  the  fact  that  for 
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Tetracaine  Chloroplatinate,  2 -dime thy laminoethy 1  £-n-buty  laminobenzoate 
chloroplatinate . 

Dimethisoquin  Chloroplatinate,  3-butyl-l-(2-dimethylaminoethoxy)  isoquin¬ 
oline  chloroplatinate. 

Naepaine  Chloroplatinate,  2 -amy laminoethy 1  £-aminobenzoate  chloroplatinate. 

Butethamine  Chloroplatinate,  2-isobutylaminoethyl  £-aminobenzoate  chloro¬ 
platinate  . 

Hexylcaine  Chloroplatinate,  1-cyc lohexylamino-2-propy lbenzoate  chloroplat¬ 
inate  . 

^Figure  6  (continued).  Infrared  spectra  of  the  chloroplatinates . 

those  dibasic  compounds  forming  1-1  derivatives  with  chloroplatinic  acid, 
this  band  is  of  significantly  greater  intensity  when  compared  to  the  2:1 
derivatives,  indicating  the  additive  contributing  effect  of  the  extra 
additional  NH+  bond.  Also,  drying  dimethisoquin  chloroplatinate  under 
vacuum  in  a  drying  pistol  at  100°C  for  twenty  four  hours  failed  to  decrease 
the  intensity  of  this  band. 

Strong  carbonyl  absorption,  generally  broader  than  in  the  present  com¬ 
pounds,  is  common  in  the  1700-1675  cm.  ^  region. 

5)  Hydrochlorides 

Since  the  crystalline  form  is  frequently  dependant  upon  the  solvent, 
temperature,  and  rate  of  recrystallization  (154),  and  since  the  conditions 
of  recrystallization  of  the  parent  reference  compounds  were  unknown,  each 
compound  was  recrystallized  prior  to  pelleting  at  room  temperature.  Possible 
anion  exchange  between  these  compounds  and  the  potassium  bromide  was  not 
considered  a  problem  since  the  spectra  were  both  characteristic  and  repro¬ 
ducible.  Unfortunately,  it  was  necessary  to  prepare  pellets  of  widely 
varying  concentrations  for  this  series  to  obtain  spectra  having  the  necessaiy 
resolution  for  qualitative  comparisons.  Pellet  concentrations  of  0.54  were 
acceptable  for  all  but  four  of  the  local  anesthetics:  those  of  lidocaine 
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Benoxinate  Hydrochloride,  2 -die thy laminoethy 1  4-amino-3-n-butoxybenzoate 
hydrochloride . 

Proparacaine  Hydrochloride,  2~diethy laminoethy 1  3-amino-4-n-propoxybenzoate 
hydrochloride . 

Cyc lomethycaine  Sulfate,  3- (2-methy lpiper idino) -propyl  £-cyc lohexy loxy- 
benzoate  sulfate. 

Dibucaine  Hydrochloride,  2 -n-butoxy-N- (2-die thy laminoethy 1)  cinchonin- 
amide  hydrochloride. 

Lidocaine  Hydrochloride,  2-diethylamino-2 ,  6-acetoxy lidide  hydrochloride. 

^  Figure  7.  Infrared  spectra  of  the  hydrochlorides. 

and  naepaine  were  0.757.,  and  the  concentrations  of  the  benoxinate  and  hexyl- 
caine  hydrochloride  pellets  were  0.8  and  0.857.  respectively.  The  shaking 
times  were  uniform,  all  of  twenty  seconds  duration.  The  pellets  of  benoxin¬ 
ate,  proparacaine,  cyc lomethycaine ,  and  hexylcaine  were  pressed  three 
minutes;  those  of  lidocaine  and  butethamine,  six  minutes;  those  of  naepaine, 
tetracaine,  dimethisoquin ,  and  dibucaine  were  pressed  for  ten,  twenty, 
twenty  five,  and  thirty  five  minutes  respectively. 

These  spectra  (Figure  7)  are  highly  characteristic  and  positive  differ¬ 
entiation  among  the  included  local  anesthetics  is  possible.  At  the  shorter 
wavelengths,  strong,  well  resolved  bands  in  the  3450-3200  cm.  ^  region 
derived  from  NH  stretching  vibrations  are  most  prominant .  Intense  bands 
due  to  NH+  stretching  vibrations,  overtones,  and  combinations  are  character¬ 
istically  present  in  the  2750-2400  cm.  ^  region. 

Strong  carbonyl  absorption  near  1700  cm.  ^  is  commonly  observed;  similar 
observations  have  been  reported  previously  (70).  The  spectra  of  tetracaine, 
naepaine,  butethamine,  and  dibucaine  hydrochlorides  presented  herein  (1 igure 
7)  are  identical  with  those  published  in  this  paper. 

6)  Methiodides 


All  pellets  were  of  the  same  concentration,  0.757>,  and  were  shaken 
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Tetracaine  Hydrochloride,  2-dimethylaminoethy 1  £-n-buty  laminobenzoate 
hydrochloride . 

Dimethisoguin  Hydrochloride,  3-butyl- 1- (2-dimethylaminoethoxy)  isoquin¬ 
oline  hydrochloride. 

Naepaine  Hydrochloride,  2-amy laminoethy 1  £-aminobenzoate  hydrochloride. 

Butethamine  Hydrochloride,  2-isobutylaminoethyl  £-aminobenzoate  hydro¬ 
chloride  . 

Hexylcaine  Hydrochloride,  l-cyclohexylamino-2-propylbenzoate  hydrochlor¬ 
ide  . 


Figure  7  (continued) .  Infrared  spectra  of  the  hydrochlorides. 

for  twenty  seconds  immediately  prior  to  pressing.  To  obtain  clear  pellets, 
the  methiodides  were  pressed  for  the  following  indicated  times:  lidocaine, 
five  minutes;  dibucaine  and  dimethisoquin ,  seven  minutes;  benoxinate  and 
tetracaine,  eight  minutes;  proparacaine ,  ten  minutes;  cyclomethycaine , 
twenty  minutes . 

These  spectra  (Figure  8)  are  highly  characteristic  for  all  seven  of  the 
local  anesthetics.  Examination  of  these  spectra  reveals  the  common  similar¬ 
ities  which  have  been  discussed  for  the  previous  five  derivatives  in  the 
3450-3100  cm.  1  region  (NH  stretching  vibrations) ,  3050-2800  cm.  1  (aromatic 
and  aliphatic  CH  stretching  vibrations) ,  and  c£.  1700  cm.  1  (carbonyl 
stretching  frequency).  The  relatively  broad  bands  of  medium  intensity  ca . 
3350  cm.”1  prominant  in  the  spectra  of  cyclomethycaine  and  dimethisoquin 
methiodides  are  probably  due  to  water  of  hydration  accumulated  during  the 
preliminary  weighing  and  grinding  procedures  prior  to  pelleting. 

It  will  be  seen  from  inspection  of  Figures  3-8  that,  while  certain 
similarities  in  the  absorption  patterns  in  the  higher  frequencies  do  exist, 
the  spectra  are  specific  and  constitute  an  excellent  technique  for  quickly 
differentiating  qualitatively  these  local  anesthetics. 
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Benoxinate  Methiodide,  2-diethylaminoethy 1  4-amino-3-n-butoxybenzoate 
methiodide . 

Proparacaine  Methiodide,  2-di.ethy laminoethy 1  3-amino-4-n-propoxybenzoate 
methiodide . 

Cyc lomethycaine  Methiodide,  3- (2-methylpiperidino) -propyl  £-cyclohexyl- 
oxybenzoate  methiodide. 

Dibucaine  Methiodide,  2 -n-butoxy-N- (2 -die thy laminoethy 1)  cinchon inamide 
methiodide . 

Lidocaine  Methiodide,  2-diethylamino-2 ^6-acetoxy lidide  methiodide. 


^Figure  8.  Infrared  spectra  of  the  methiodides. 
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Tetracaine  Methiodide ,  2-dimethylaminoethy 1  ]3-n-buty  laminobenzoate 
methiodide . 

Dime thisoguin  Methiodide,  3-butyl-l-(2-dimethylaminoethoxy)  isoquinoline 
methiodide . 

^Figure  8  (continued) .  Infrared  spectra  of  the  methiodides. 

C.  PHOTOMICROGRAPHY. 

"The  use  of  chemical  microscopy  as  an  adjunct  to  organic  qualitative 
analysis  adds  greatly  to  the  ease  and  reliability  of  the  identification" 
(155).  For  many  years,  a  broad  variety  of  nitrogenous  pharmaceutical  bases 
have  been  characterized  qualitatively  by  this  means  (156,157,158,159);  this 
technique  has  again  proven  of  value  in  the  identification  of  the  local 
anesthetics  included  in  this  thesis. 

Only  those  reagents  capable  of  reacting  with  each  individual  compound 
were  employed  so  as  to  obtain  more  complete  and  comparative  sets  of  photo¬ 
micrographs.  An  excessively  large  selection  of  reagents  was  avoided  since 
a  practical,  workable  scheme  having  an  efficient  general  utility  was  desired. 
Thus,  only  a  sufficient  variety  of  reagents  was  chosen  to  allow  each  local 
anesthetic  within  the  scheme  to  be  distinguished  readily  from  the  others. 

The  photomicrographs  were  taken  at  two  magnifications,  50  or  215X. 

It  is  not  intended  that  this  compilation  of  data  on  the  crystalline 
habits  of  these  compounds  be  used  as  a  sole  criterion  of  identification, 
but  rather  as  an  adjunct  to  the  other  physical  methods  previously  discussed 
(melting  points  and  the  infrared  spectra  of  selected  derivatives) . 

In  each  instance,  only  the  characteristic  photomicrographs  have  been 
reproduced  and  the  nonspecific  amorphous  precipitates  and  oils,  which 
occasionally  formed,  have  been  deleted.  Generally,  styphnic,  picric,  chlor- 
oplatinic,  and  picrolonic  acids,  reinecke  salt,  and  potassium  permanganate 
readily  formed  characteristic  microcrystals.  A  few  have  been  previously 
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reported,  but  the  majority  are  presented  for  the  first  time. 

The  derivatives  formed  were  reproducible  when  prepared  under  the 
conditions  stated  thus  fulfilling  the  original  intent  of  this  aspect  of 
the  investigation  and  will  hereafter  be  referred  to  as  "s typhnates , " 
"picrates,"  etc. 

1)  Styphnates 

Not  always  were  efforts  to  prepare  characteristic  microcrystals  with 
styphnic  acid  successful,  as  is  apparent  from  Table  VIII.  Photomicrographs 
of  the  characteristic  formations  are  given  in  Figure  9.  Similar  difficulties 
in  obtaining  crystalline  formations  were  encountered  by  Guagnini  and  Vonesch 
(102),  who  attempted  derivatives  for  a  series  of  sixteen  local  anesthetics 
and  were  successful  with  only  six  of  these.  Dibucaine  and  tetracaine  were 
among  the  compounds  which  they  were  unable  to  characterize  as  styphnates. 

In  the  present  work,  a  yellow  oil  consistantly  formed  with  dibucaine,  but 
characteristic  crystals  formed  readily  with  tetracaine  (Figure  9) .  Varying 
concentrations  of  aqueous  and  alcoholic  reagent  solutions  and  aqueous  local 
anesthetic  solutions  were  used;  only  those  concentrations  resulting  in  the 
formation  of  satisfactory  crystalline  derivatives  are  noted  in  Table  VIII. 
Also,  unless  stated  otherwise,  all  initial  precipitates,  films,  oils,  and 
crystals  formed  immediately  upon  mixing  the  aqueous  local  anesthetic  solu¬ 
tions  (abbreviated  "L.A."  in  the  table)  and  reagent  solutions  on  a  glass 
slide.  These  general  statements  will  apply  also  to  all  similar  subsequent 
tables  . 

2)  Picrates 

Difficulties  resembling  those  encountered  with  the  styphnates  were 
noted  with  the  picrates.  In  both  instances,  proparacaine  and  dibucaine 
formed  oils  which  failed  to  crystallize  and  eye lomethycaine ,  in  each  in¬ 
stance,  formed  filmy  amorphous  masses.  Benoxinate  formed  an  oil  with 
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Lidocaine 
5  OX 


Hexy lcaine 
2  15X 


Tetracaine 
5  OX 


Naepa ine 
5  OX 


Dimethisoquin 
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Figure  9  .  Photomicrographs  of  the  styphnates. 


-75- 


X 

CO 

X 

X 

CO 

G 

G 

X 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

CO 

i 

O 

> 

G 

> 

> 

G 

3 

3 

> 

G 

3 

3 

•H 

r-H 

3 

r— 4 

r-H 

3 

X 

G 

X 

G 

r—H 

3 

o 

3 

G 

O 

3 

o 

CN 

o 

3 

o 

<J 

O 

o 

o 

3 

X 

cd 

CO 

•H 

CO 

CO 

•rH 

•rH 

•rH 

•rH 

•rH 

CO 

•rH 

CD 

X 

B 

G 

E 

G 

rG 

G 

B 

X 

CD 

X 

CD i 

G 

B 

G 

G 

CO 

H 

G 

G 

1 

G 

$ 

£ 

G 

O 

3 

G 

O 

l n 

i — l 

m 

•  r\ 

•  r\ 

r-H 

B 

•r-4 

G 

P 

>> 

kG 

Pn 

3 

X  CO 

3 

X 

CO 

Pn 

G 

G 

3 

r— 1 

3 

r-H 

3 

T— \ 

3 

O 

rG  QJ 

O 

t—H 

G 

t—H 

3 

£ 

3 

CG 

r— < 

•H 

T— 1 

•G 

T— 1 

•rH 

•G 

G  G 

•rH 

G 

G 

t—H 

•rH 

4-4 

CO 

G 

■H 

O 

G 

X 

G 

X 

G 

X 

G 

•G  3 

G 

•rH 

3 

G 

X 

O 

G 

G 

£ 

3 

G 

3 

G 

3 

G 

G 

4-1  3 

G 

4-4 

3 

3 

G 

CO 

CO 

X 

•rH 

X 

•G 

X 

•rH 

B 

•H 

B 

•rH 

X 

•H 

B 

CO 

X 

o 

o 

G 

S 

G 

£ 

G 

S 

G 

G  B 

G 

G 

B 

G 

£ 

t—H 

G 

u 

CN 

•G 

G 

G 

G 

O 

X 

O 

X 

G 

•rH 

E 

•rH 

G 

GO 

CO 

GO 

CO 

00 

CO 

4-1 

G  CO 

4-4 

G 

<40 

00 

CO 

4-1 

X 

G 

CO 

T— 1 

rG 

t—H 

t—H 

G 

£ 

G 

•r-4 

CD 

G 

G 

G 

G 

G 

G 

CO  G 

G 

CO 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

X 

CO  G 

X 

CO 

G 

G 

G 

00 

G 

t—H 

4-4 

G 

G 

CO 

G 

CO 

G 

CO 

•rH 

O  G 

•rH 

o 

G 

G 

CO 

3 

G 

•rH 

G 

G 

G 

P>1 

G 

G 

X 

t-H 

G  4-4 

t-H 

G 

4-4 

G 

Pn 

G 

G 

o 

O 

*G 

G 

•pH 

G 

CO 

•G 

G 

1 

O  G 

1 

U 

G 

•H 

G 

G 

P 

X 

G 

CD 

O 

CD 

G 

G 

a 

O 

X 

G 

X 

G 

CD 

O 

O 

G 

£ 

G 

G 

•H 

•H 

G 

•G 

o 

3 

o 

3 

•rH 

CO 

o 

00 

G 

O 

O 

o 

O 

3 

a 

O 

3 

^  G 

3 

£ 

G 

a 

O 

X 

r-H 

3 

X 

G 

G 

G 

G 

3 

G 

G 

G 

G  X 

G 

G 

X 

G 

G 

G 

G 

t—H 

G 

U 

G 

3 

G 

3 

•rH 

G 

3 

G 

G  G 

G 

G 

G 

G 

3 

G 

3 

G 

X 

X) 

CG 

•r-4 

P 

•G 

£ 

Pm 

•G 

CD 

00  G 

PQ 

00 

G 

P 

•rH 

Q 

X 

Pg 

U 

•H 

o 

< 

CO 

CO 

6 

CO 

G 

o 

CO 

G 

G 

•H 

•H 

G 

G 

CO 

X 

G 

G 

CO 

G 

CO 

t-H 

3 

X! 

p 

6 

r-H 

3 

G 

i 

G 

CD 

CO 

CO 

Qj  t — I 

G 

X 

P*. 

r— 1 

G 

•rH 

CO 

O 

X 

£ 

3 

CO 

G 

G 

X 

G 

X 

G 

O 

G 

G 

CO 

CO 

G 

•G 

CO 

CD 

3 

G 

3 

3 

t—H 

X 

CO 

r-H 

CO 

CO 

G 

G 

G 

r— 1 

•rH 

•rH 

r-H 

X 

X 

G 

X 

Pn 

1 

G 

£ 

CO 

4-4 

CD 

G 

£ 

3 

G 

6 

4-1 

G 

G 

G 

O 

4-4 

G 

X 

>. 

O 

G 

G 

•H 

o 

G 

CO 

T— H 

<4-4 

G 

X 

G 

X 

t-H 

3 

X 

£ 

O 

G 

3 

r— 1 

O 

G 

G 

00 

G 

X 

t—H 

G 

G 

G 

G 

t—H 

G 

CO 

G 

3 

•rH 

CO 

G 

•rH 

G 

r-H 

CO 

O 

P 

a 

>>  X 

3 

G 

G 

IS 

•rH 

>»  i—4 

G 

00 

G 

•G 

G 

H 

00 

G 

00 

CD 

r-H 

3 

CO 

£ 

G 

GO 

X 

G 

a 

3 

G 

>. 

3 

G 

CO 

4-4 

G 

CD 

G 

3 

G 

G 

O 

G 

r-H 

G 

G 

G 

H 

4-4 

rG 

•rH 

G 

3 

3 

r-H 

G 

G 

G 

X 

G 

o 

CG 

4-J 

G 

CT 

•rH 

G 

r>1 

CO 

O 

CO 

O 

G 

G 

G 

o 

t— — 1 

cd 

GO 

CO 

t—H 

G 

G 

•rH 

•rH 

X 

-H 

cd 

G 

G 

•rH 

3 

X 

G 

t—H 

G 

G 

X 

t-H 

3 

3 

G 

o 

O 

GO  X 

O 

G 

00 

G 

CD 

G 

a 

G 

G 

*G 

CO 

•H 

•G 

g 

G 

T— H 

G 

00 

3 

3 

CO 

G 

3 

X 

CO 

t-H 

-r-4 

£ 

G 

G 

G 

G 

rG 

3 

G 

CO 

O 

G 

G 

CO 

CO 

G 

CD 

CD 

G 

G 

G 

G 

3 

X 

•H 

G 

G 

X 

G 

G 

X 

•G 

O 

3 

G 

3 

G 

O 

G 

rG 

X 

3 

a 

§ 

X 

G 

o 

G 

•H 

G 

O 

G 

CO 

r— H 

G 

•G 

3 

o 

G 

O 

o 

a 

X 

t—H 

00 

G 

X 

B 

00 

X 

O 

4-4 

G 

t—H 

i—i 

G 

G 

CO 

CO 

X 

3 

G 

CO 

CO 

3 

•G 

G 

t—H 

X 

G 

O 

CD 

•rH 

G 

GO 

•G 

Pn 

•rH 

•rH 

•rH 

CO 

G 

CO 

X 

G 

G 

•rH 

Q 

£ 

GO 

3 

X 

rG 

£ 

G 

B 

3 

•G 

3 

rO 

g 

X 

o 

3 

G 

1 — t 

o 

CD 

G 

O 

G 

O 

O 

o 

O 

r— 1 

G 

G 

X 

G 

t—H 

G 

•G 

X 

•G 

•rH 

G 

G 

. 

r— 4 

G 

O 

G 

3 

r-H 

X 

G 

CD 

3 

CD 

-P 

t-H 

G 

G 

M 

G 

G 

G 

•G 

CO 

G 

3 

3 

O 

G 

O 

•H 

G 

G 

O 

M 

>4 

G 

DC 

£ 

3 

P* 

G 

•rH 

o 

X 

U 

U 

P 

3 

£ 

M 

> 

/^s 

CD 

s-s 

/-v 

T"H 

G 

/"“S 

/— s 

X 

G 

• 

• 

X 

cd 

• 

CD 

CN 

CN 

O 

o 

H 

o 

GO 

CO 

X 

CO 

X 

i — 1 

O 

t—H 

r-H 

3 

G 

• 

• 

• 

• 

• 

cd 

• 

cd 

• 

o 

CD 

o 

o 

O 

o 

o 

i—4 

o 

o 

DC 

. 

G 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

• 

G 

* 

CD 

. 

x 

00 

< 

o 

X 

o 

X 

m 

o 

CN 

G 

G 

P 

r— 1 

O 

r-H 

O 

o 

1—1 

o 

X 

w 

O 

•rH 

G 

4J 

3 

a) 

3 

•r4 

.CJ 

4J 

G 

•G 

3 

G 

a 

CO 

G 

G 

3 

cr 

Pn 

G 

<D 

a) 

3 

3 

•rH 

o 

X 

G 

c 

•G 

•G 

B 

G 

CO 

G 

G 

<£ 

•H 

G 

G 

G 

3 

•G 

G 

3 

cd 

O 

O 

X 

•G 

X 

£ 

•rH 

r-H 

o 

rG 

G 

G 

G 

G 

o 

X 

Cd 

o 

P^ 

G 

G 

CD 

G 

r-H 

o 

o 

x 

G 

G 

G 

B 

o 

3 

o 

•H 

G 

G 

3 

G 

•rH 

Pn 

G 

p 

p 

X 

H 

CQ 

Q 

O 

PQ 

id 

3 

•H 

G  (D 

o  3 

G  *g 

G  cd 

cd  o 

CD  G 

O  XI 

G  -H 

P  P 


-76- 


styphnic  acid  while  in  contrast  it  formed  well  defined  crystals  with  picric 
acid.  Guagnini,  e_t  al.  (102)  encountered  similar  difficulties  in  the  pre¬ 
paration  of  picrates  of  local  anesthetics  on  a  microscope  slide,  citing 
their  tendancy  to  form  similar  globules.  They  were  unable  to  prepare 
characteristic  crystals  for  butethamine  and  dibucaine.  Clarke  (94),  on 
the  other  hand,  prepared  the  corresponding  picrates  for  butethamine,  dibu¬ 
caine,  and  lidocaine  using  a  different  "hanging  drop"  technique. 

The  picrates  formed  are  tabulated  in  Table  IX  and  the  characteristic 
photomicrographs  are  illustrated  in  Figure  10. 

3)  Reineckates 

The  literature  survey  has  revealed  that  the  only  photomicrographs  of 
reineckates  of  interest  to  this  project  which  have  been  published  to  date 
are  those  of  butethamine  and  dibucaine  (102).  Favorable  agreement  was  noted 
with  those  illustrated  in  Figure  11.  These  workers  were  unsuccessful  in 
preparing  a  characteristic  derivative  for  tetracaine. 

In  this  study,  satisfactory  photomicrographs  were  obtained  for  all 
local  anesthetics  but  proparacaine ,  dimethisoquin ,  and  eye lomethycaine . 

The  characteristic  reineckates  prepared  are  discussed  in  Table  X  and 
the  corresponding  photomicrographs  are  shown  in  Figure  11.  It  will  be 
noted  that  those  of  butethamine  and  benoxinate  are  composites  of  two  photo¬ 
micrographs  taken  from  different  areas  of  the  same  slide  at  the  same  time, 
magnification,  and  exposure.  The  reason  for  this  was  to  better  illustrate 
the  slight  variation  noted  in  crystal  size  (butethamine  reineckate)  and 
morphology  (benoxinate  reineckate) . 

4)  Ch loroplat inates 

Chloroplat inic  acid,  in  various  concentrations,  has  proven  to  be  an 
excellent  reagent  for  the  identification  of  local  anesthetics  by  this  tech¬ 
nique.  Well  defined,  distinctive  crystals  were  obtained  for  eight  of  the 
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Dimethisoquin 
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Butethamine 
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Figure  10.  Photomicrographs  of  the  picrates . 
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Figure  11.  Photomicrographs  of  the  reineckates. 
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ten  compounds  studied.  The  results  observed  for  benoxinate  and  buteth- 
amine ,  which  formed  a  light  amorphous  precipitate  and  a  pale  yellow  oil 
respectively  may  be  acceptable  as  indicating  criteria  as  far  as  the 
identification  of  these  drugs  is  concerned,  since  they  are  characteristic 
and  reproducible. 

In  an  effort  to  better  characterize  these  compounds,  a  modified  reagent 
solution  of  chloroplat inic  acid  recommended  by  Fulton  (160)  was  tried,  but 
with  no  success . 

The  resulting  derivatives  are  discussed  in  Table  XI  and  the  correspond¬ 
ing  photomicrographs  are  found  in  Figure  12. 

5)  Picrolonates 

Picrolonic  acid,  as  a  microchemical  reagent  for  characterizing  these 
amino-alcohol  ester  type  local  anesthetics  was  not  extremely  successful. 

This  observation  seems  to  reinforce  the  general  rule  advanced  by  Guagnini 
and  Vonesch  (102)  that  this  reagent  preferentially  precipitates  the  alcoholic 
ester  types.  From  a  survey  of  the  literature,  it  appears  that  no  character¬ 
istic  picrolonates  have  previously  been  reported,  and  are  therefore  presented 
here  for  the  first  time  (Figure  13). 

In  general,  the  crystals  which  did  form  were  considerably  smaller  than 
the  corresponding  ones  prepared  with  the  other  reagents .  In  several  in¬ 
stances,  they  were  almost  too  minute  for  convenient  qualitative  identifica¬ 
tion  work  under  lower  magnification.  The  results  of  the  study,  however, 
are  found  in  Table  XII. 

6)  P e  rman  gana  t  e  s 

These  derivatives  were  the  least  satisfactory  as  far  as  the  formation 
of  microcrystals  was  concerned.  Only  six  of  the  ten  local  anesthetics 
studied  formed  characteristic  microcrystals;  of  these,  only  four  were  truly 
specific.  Dimethisoquin  and  eye lomethycaine  were  very  similar,  and  the 
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Lidocaine 
5  OX 


Hexy lcaine 
5  OX 


Figure  12 . Photomicrographs  of  the  chloroplatinates 


Table  XI.  Microchemical  Tests  with  Chloroplat inic  Acid 
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Figure  13.  Photomicrographs  of  the  picrolonates . 
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resulting  crystals  for  hexylcaine  were  too  small  for  practicality.  Tetra¬ 
caine  permanganate  has  been  reported  as  an  amorphous  precipitate  macro- 
scopical ly  (54) .  In  the  present  study,  this  local  anesthetic  formed  char¬ 
acteristic  crystals  against  an  amorphous  background  with  potassium  perman¬ 
ganate  . 

The  results  of  this  investigation  are  summarized  in  Table  XIII,  and 
the  characteristic  photomicrographs  are  shown  in  Figure  14.  In  each 
instance,  the  crystals  were  a  purple  permanganate  color  initially,  but 
changed  to  various  shades  of  brown  as  the  permanganate  became  reduced. 

In  summary,  the  characteristic  and  selective  microcrystals  formed 
with  the  various  reagents  are  indicated  by  a  plus  sign  in  the  following 
table  (Table  XIV).  Thus,  it  is  apparent  that  the  local  anesthetics  can  be 


Table  XIV.  Local  Anesthetics  Characterized  by  Microcrystallography 


Local 

Styphnic 

Picric 

Ammonium 

Plat inic 

Picrolonic 

Potassium 

Anesthetic 

Acid 

Acid 

Re ineckate 

Chloride 

Acid 

Permanganate 

Lidocaine 

+ 

+ 

+ 

+ 

Hexylcaine 

+ 

+ 

+ 

+ 

+ 

Tetracaine 

+ 

+ 

+ 

+ 

+ 

Butethamine 

+ 

+ 

+ 

+ 

+ 

+ 

Naepa ine 

+ 

+ 

+ 

+ 

+ 

Benoxinate 

+ 

+ 

+ 

Cyc lomethycaine 

+ 

+ 

+ 

Dimethisoquin 

+ 

+ 

+ 

+ 

+ 

Proparacaine 

+ 

+ 

Dibucaine 

+ 

+ 

differentiated  by  the  use  of  microcrystallography.  The  value  of  this  tech¬ 
nique  lies  in  its  speed,  reliability  and  application  when  only  trace 


Cyc lomethycaine  Dimethisoquin 

5 OX  5 OX 


Figure  14.  Photomicrographs  of  the  permanganates 
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quantities  of  the  drug  are  available. 

In  conclusion,  it  is  evident  that  an  identification  based  solely  on 
the  reaction  of  any  one  of  the  reagents  is  ill  advised,  since  different 
local  anesthetics  on  occasion  will  form  similar  crystal  or  precipitate 
patterns.  Also,  none  of  the  reagents  utilized  in  this  work  were  found 
to  have  universal  application  for  the  entire  series.  It  is  therefore 
recommended  that  for  qualitative  identification  purposes,  two  or  more  of 
these  reagents  should  be  used. 


CONCLUSIONS 
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1.  A  series  of  physical  criteria,  by  which  ten  of  the  newer  local  anes¬ 
thetics  currently  in  use  can  be  positively  identified  and  differentiated, 
has  been  presented. 

2.  Forty  seven  derivatives  of  these  drugs  have  been  prepared  in  a  systematic 
manner ,  of  which  thirty  seven  have  not  been  reported  to  date  in  the  liter¬ 
ature  .  Benoxinate  styphnate  was  the  only  derivative  prepared  which  was 
considered  unre liab le . 

3.  The  pertinent  physical  data  of  these  derivatives  and  the  mineral  acid 
salts  of  the  parent  compounds  have  been  presented  in  Tables  II  -  VII. 

4.  The  infrared  spectra  of  these  derivatives  and  their  parent  compounds 
have  been  obtained  as  a  further  aid  in  their  qualitative  differentiation 
and  are  included  in  Figures  3-8. 

5.  A  series  of  photomicrographs  has  been  included  in  Figures  9-14,  along 
with  descriptive  data  concerning  their  formation  and  ultimate  gross  morphol¬ 
ogy  in  Tables  VIII  -  XIII. 
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